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ABSTRACT 


This study compares two computer programs, ATTACK and 
BOAN, with respect to the utility and validity of each 
Drogram. the comparison is made from two points of view; 
esmodel developer and a consumer. 

The utility considers six subject areas; (1) documentation, 
(2) geometric modeling, (3) Py/Vulnerable Area Modeling, 

(4) Missile, Warhead and Fuze Modeling, (5) Scenario 
Simulation and (6) Program Output. SCAN was determined to 
be superior in every area except for the missile, warhead 
and fuze modeling area. 

For the validity evaluation, equivalent models were 
developed for a shoe box target and a simple warhead for 
both programs. A separate manual plot technique was used 
Memveriiy the program results. For the sample models used in 
mien cOMparison, the results agreed qualitatively with those 


from the plot technique. 
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Peewee DUC LON 


A survivability assessment of an air target versus a 
surface to air missile (SAM) includes studies of the missile 
fly-out and the Endgame. The portion of the missile 
flight path from the launch phase to the Endgame or terminal 
phase is the missile fly-out. Two computer programs used 
Memsimulate the missile fly-out, MICE-II and TAC ZINGER, 
are currently being evaluated at the Naval Postgraduate 
School (NPS). The Endgame includes the missile fuzing 
sequence for target detection, and the subsequent warhead 
detonation and evaluates the effectiveness of the damage 
mechanisms associated with the warhead on a target under 
specified encounter conditions. 

This study compares two computer programs which are 
Currently used to assess the survival capabilities of an 
eemeratrt during the Endgame. Poul orOcmsams ane coe UlLalaized 
to cdetermine the effectiveness of a particular fragmentation 
warhead against a specific target. The programs under 
consideration are SCAN and ATTACK. SCAN is a digital 
computer program developed by the Pacific Missile Test 
Memeer. Documentation for this program was completed 
30 June 1976. ATTACK is the current version of the AIR-TO- 
AIR TERMINAL SIMULATION (NWC TN4565-1-70) which is a 


Naval Weapons Center, China Lake revision of methodology 


eile 





developed at the Pacific Missile Test Center Point Mugu. 
The ATTACK documentation was published in June 1974. 

It should be noted that each of these programs are 
mameuse at several facilities throughout the country. 
Rach facility may have slightly modified the programs so 
that there are many different versions in existence. 
This study was conducted on the programs as they existed 
at the Naval Postgraduate School (NPS) during the period 
from August to December 1980. The installation of SCAN on 
the NPS IBM 360/67 computer system was completed with 
Seeevle difficulty and required only minor modifications to 
Mae program. The ATTACK installation was accomplished 
With somewhat greater difficulty. The philosophy behind 
the modifications at NPS and the modifications themselves 
Will be discussed in greater detail in Chapters III and IV. 

The scope of the comparison has been divided into 
Mm@emmajor categories. First, the utility of the two programs, 
pmemsecondly, the relative validity of each. An attempt 
has been made to treat these two areas indevendently. 

MgcmuUbdidey Study is subdivided into six subjects, 
Viewed primarily from two aspects. One aspect is that of 
the model developer, the other that of a consumer. The 
model developer is the individual, or group, tasked with the 
responsibility of preparing the input data such that the 
Resulvant computer model-will describe the aircraft, 
missile, warhead, etc. to the degree of accuracy required 


meee Specific application. The consumer is that 


2 





Mmeeaviaual, Or group, who will use the output of the 
programs. The consumer will also utilize the "canned" 
models developed by a model developer for various 
scenarios. For example, he may run one target against 
several different warheads and compare the results, or 
vice versa. He also might make slight changes to an 
existing model and observe the results. 

The six subjects to be considered are (1) documentation, 
Ghiefiy User Manuals, (2) geometric modeling, (3) Py/ 
Vulnerable area modeling, (4) missile, warhead and fuze model- 
mee (5) scenario simulation and (6) output. The relative 
merit of each program will be determined for each subject 
area and point of view as applicable. 

The validity study was accomplished by designing a 
Simple "shoe box" target and simple warhead. The goal 
was to input common target, missile and warhead models 
into both programs; place the missile and warhead in 
meentical locations and orientations with respect to the 
target; detonate the warhead and observe the results. 

Every effort was made to make the SCAN and ATTACK models as 
meailar as possible. In order to achieve this similarity, 
many simplifications were required in the model design. 
Because of these simplifications much of the capability 
M@eecach Of the programs was not utilized. Another reason 
for selecting a very simple model and scenario was the 


need to make a judgement on the validity of the outputs. 


15 





foe a Simple system it is possible to sketch the encounter 
geometry and predict which components will incur damage. 
The models will be described in detail in Chapter IV, 
Emons With a more lengthy discussion on what simplifications 
were made and why they were necessary. 

miewmntent of this study is to provide guidance to 
be used by either a model developer or consumer in selecting 
which program might be more appropriate for a particular 
application and to establish a level of confidence in one 


mmeeoeram versus the other. 
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A. GENERAL 

mebor tO a devaliled comparison of SCAN and ATTACK it 
seems appropriate to first briefly summarize the philosophy 
end the methodology behind each program. This will provide 
an insight into some of the differences in the programs 
Meee Will be described later. The intent here is to 
Meeesent, in capsule form, the nature of each program. No 
attempt will be made in this chapter to evaluate the 


relative merit of any aspect. 


ee ATTACK 

The ATTACK program is a Naval Weapons Center, China 
Lake, revision of a methodology developed at Naval Missile 
Center, Point Mugu. The objective of ATTACK, as stated in 
mes User Manual, “is to predict the ability of a missile to 
detect and destroy an airborne target." To this end, the 
program provides a Probability of Kill (Py) assessment 
more(l) direct hits, (2) blast, (3) multiple fragment 
(structural), and (4) single fragment (component) damage 
mechanisms. 

mae ATTACK program utilizes a traditional approach 


based on the establishment of a vulnerable area table for 


US 





mie vcaergsetv. The vulnerable area table is only used with 
the single fragment (component) model. The table is 
composed of vulnerable area data for each component in 
the model as a function of encounter geometry aspect 
angle, warhead fragment weight and fragment impact 
memocity. 

This program requires four target geometrical represent- 
memrons, one representation for each of the possible damage 
Meefanisms. A fifth representation is needed for the fuzZing 
Mercion of the program and depends on the type of fuze 
memected. 

mie program is intended to provide results for the 
Moeerowing purposes: 

(1) Weapon system evaluation 

(2) Warhead design 

ss) Fuze optimization 

mee Aircrafts survivability studies 

oo Trade off studies 

The methodology for damage assessment is composed of 
the following classes: 

oP) Structural 

(a) direct hit model 


(b) blast model 


Ce) multiple fragment model 
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“2) Component 
(a) single fragment model 

The direct hit model consists of a target representation 
Consisting of triangular plates (see Figure 2-1), and a 
fmeootle which is represented by a collection of points 
(see Figure 2-2). 

The missile trajectory is determined from a user specified 
encounter geometry. The program determines if one or more 
Poeecome missile points will intersect the target and the 
meme OL first intersection, or contact, between missile 
mmemeoareet. if the first contact occurs before proximity 
mame 2a direct hit kill is scored and other damage 
mechanisms are not investigated. If proximity fuzing 
Occurs first, a preempted direct hit is recorded and reported 
in the output and the other damage mechanisms are examined. 

mae Olast model is composed of a group of cylinders 
and hemispheric caps surrounding the target body and its 
extremities (see Figure 2-3). The radius assigned to each 
@eonese blast cylinders is a function of both the strength 
Sieeoiat particular structure and the amount of explosive 
charge in the warhead. The radii, which must be determined 
in a separate analysis, are scaled to a specific encounter 
altitude. If the warhead detonates within the volume 


Memore OL these cylinders, a blast kill occurs and no other 


i, 
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DIRECT HIT MODEL 
Figure 2-1 ATTACK Direct Hit Mode1 [1_\ 
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Figure 2-2 
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ATTACK Missile Geometry [2 } 
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BLAST MODEL 


Figure 2-3 ATTACK Blast Model [1 J 





damage mechanisms are considered. If warhead detonation 
occurs outside the volume defined by the blast cylinders 
no target damage is attribduted to the blast. 

The multiple fragment model for structural damage 
Meteora Segmented cylindrical target representation as shown 
in Figure 2-4. The program advances the centroid of the 
eylinder Penone Bye une Larget velocity vector from the 
time of warhead detonation. The fragment dynamics are 
memoucved as a function of: 

(1) fragment mass 

(2) fragment shape 

(3) fragment initial velocity 

(4) fragment drag coefficient 

(5) target range and aspect from warhead at detonation 

(6) fragment and target flight paths 

The number of fragments and associated energies which 
Peeeake each cylindrical segment is determined by the 
location of the segment within one or more of the warhead 


mem@amnic polar and radial zones. The energy density is 


weculated and compared with a critical amount of energy 
Specified for that segment. If the calculated value exceeds 


the specified energy density, a structural kill is assumed. 
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Figure 2-4 ATTACK Multiple Fragment (Structural) Model (| 
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The single fragment or component kill model consists 
of individual components, represented by spheres (or points), 
Meeaeed at appropriate positions around the target coordinate 
Sysctvem origin as shown in FPigure 2-5. The computational 
Meeeess for Py pursued in this model is similar to that 
in the multiple fragment case. The component (sphere) 
Centroid location and radius are used to determine the 
Me@erional area (FRACT) of the component within a given 
memar and radial zone. The ATTACK model considers the 
fragments to exit the warhead in definable polar and 
radial zones. Each zone may contain one or more fragment 
classes (up to seven) with an average fragment weight and 
average fragment initial velocity for each class, 


POVUlOurOoreEne Componeny covered by 
PRACT = the fragment spray band (A;) 


Component presented area (A,) 
The distance (DIST) of the component centroid from the 
Warhead origin at detonation is used to compute the exact 
Meaement impact velocity and the striking azimuth and 
elevation angles for a specific fragment weight class. 
These parameters are used in conjunction with the vulnerable 
area tables to compute the appropriate component vulnerable 
area (Ay). <A fragment beam area (FA) within the polar and 
radial zone boundaries is computed at the distance, DIST. 
The number of fragments (Q) for each weight class and for 


Sach polar/radial zone combination is an input parameter. 


a3 
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Therefore, the fragment spray density, RHO is given 
ely: 
Q_ 
RHO = FA 
The expected number of lethal hits (E) for the specified 
weight class is calculated from: 
E = RHO * AL * FRACT 
The expected number of lethal hits is accumulated for each 
polar zone, radial zone and fragment weight class and 
be component probability of Kill (P,) is computed by 
the following equation: 
Pie dl OS) ae (-E) 
(This is an approximate Py equation) 

The Endgame geometry as shown in Figure 2-6 is specified 
by the user. The missile may be oriented with respect 
memetther the target or to a relative velocity vector. The 
user may either specify missile miss distance or require 
the program to generate one randomly from a Gaussian 
Meoerioution. A standard deviation can be provided by the 
Meer tor the miss distance. Multiple trajectories may be 
Simulated for each scenario. 

For the warhead detonation, the user has the option to 
choose from ten different fuze logics (an eleventh option 
has been added to the NPS version and will be discussed 


mm@echnanoter Jill). The possibilities include various 
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types of semi-active doppler fuzes, fixed angle active 


fuzes, double fixed angle active fuzes and IR fuzes. 


GC. SCAN 
mae oojective of SCAN, in the words of it's User Manual, 
js) "to predict the probability that an aircraft will survive 
an attack by a missile armed with a fragmentation warhead." 
Pees) COMputed for (1) direct hit, (2) blast and (3) fragment 
damage. 
SCAN can be used to provide data for: 
Mmm aircraft design from conceptual design to final 
meoaduction 
@ aircraft survivability studies 
(3) supporting data for implementation of a particular 
Survivability feature. 
The foundation of this program is a complex geometric 
Mimeel Or the target. The model is composed of a series 
©f components, where each component is represented by either 
moo. Or a quadric surface with bounding planes (e.g. cylinders, 
cones, etc.). A sample model is shown in Figure 2-7. 
Bach component is also assigned a Py value based on 
Baemo. chree types of vulnerability. The three types are: 
(1) single fragment vulnerable 
(2) energy density vulnerable 


(3) area removal vulnerable 
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Mme ilrst type is the probability of component kill 
Peeven a hit (Px yy): This can be expressed as a constant 
term plus a linear function of fragment mass and of 
impact velocity and is computed by the following equation: 

PRE eo eee eek (2) 2 M terpk (3) # ¥ 
where PK (1) is a constant term | 
PK (2) is the coefficient of the Mass term 
PK (3) is the coefficient of the Velocity term 
Mis the fragment mass (grains) 
Vis the fragment velocity (ft/sec) 

The second type of vulnerability is expressed in terms 
of a minimum area exposed to a threshold energy density 
level and as a limiting fragment mass below which no 
computations are made. This type of kill probability is 
More often applicable to target structures, whereas the 
single fragment vulnerability is commonly used for components. 

the last type of Py is defined by a minimum area 
removed, below which no damage occurs, and an area which, 
if removed, will cause complete failure. The kill probability 
Memecolsidered to be linear between these two values. 

the user must also specify a material and a skin 
Chickness for each component. The material is chosen from 
among the ten options provided by the program and listed in 
the User Manual. A component surface is designated as solid 
SieemOollow and either as an internal aircraft component or as 


an external aircraft component. 
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Bach component's vulnerability (or nonvulnerability) and 
meee puliOidity protile is chosen from a list of eleven 
@eerons which are discussed in Chapter III. The degree 
of vulnerability is a function of the Py information as 
Smrenssed earlier. It is also possible to define the 
component to be nonvulnerable to specific damage mechanisms. 
Particular components may be designated as infrared (IR) 
memreces and are therefore susceptible to detection by an 
Meumetuze.  Ovher possibilities include invisibility to EM 
fuzes. 

Perma vidual component kill may or may not constitute 
atarget kill. Aircraft systems can be defined by linking 
components by logical.AND./OR. statements. The system 
expression may also include previously defined systems 
(subsystems). The components are identified by the order 
in which they were input in the geometric representation. 
ies tTeature of the program can be used to define both 
multiply vulnerable components and various levels of kill. 
For example, a catastrophic kill may be defined as well as 
amission kill. The system failure modes are determined 
by using the results from independent Failure Mode Effects 
and Critically Analyses and Damage Modes and Effects Analyses. 

The SCAN blast model and the warhead model are both 
menelar to the ATTACK models. The SCAN fuzing model consists 
of only three options: (1) instantaneous detection (2) an 


tR fuze and (3) a single look angle active fuze. 
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peemarios are constructed from one of three possible 
mmemeces. the user may define a trajectory by fixing the 
jnitial missile range from the target and the orientation 
Or the missile relative to the target. The orientation is 
established by an elevation angle, azimuth angle, angle of 
meeaeck, and sideslip angle for the missile and by roll, 
pitch and yaw angles for the target along with an angle of 
attack and sideslip angle. 

mesecond option requires the user to input a miss 
distance. This miss distance may be viewed as an offset 
memehne Missile aimpoint. it will be the closest point of 
approach (CPA) of the missile to the specified aimpoint 
Without fuzing consideration. (The numerical value of 
the miss distance will be dependent on the missile 
guidance system.) The missile and target are oriented in 
the same manner as for the fixed trajectory case described 
Seeve. Ihe program computes the trajectory required to 
get the missile to the theoretical CPA with the specified 
Mememcation. This is a theoretical CPA because it is 
Meesabie, depending on the fuzing logic selected, that the 
warhead will detonate prior to reaching this point. 

mieecisrd Option involves the input of a circular error 
probable (CEP) rather than a specific miss distance. The 
Sees a Statistical quantity. It represents the radius of 
a circle inside of which one half (50%) of the missile 


distance will occur. The trajectory used in the computation 
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is obtained from a normally distributed sample. The other 
parameters are identical to those in the specified miss 
G@iscance option. 

Multiple missile trajectories are possible for dach 
Specified geometry. The user may take advantage of the 
Statistical capability of the program by providing standard 
deviation inofrmation for the missile elevation angle, 
azimuth angle and/or angle of attack. 

The SCAN program utilizes the target geometric model and 
the warhead detonation to determine the number of fragments 
which impact in the target. The program divides the warhead 
polar zones and radial zones into a number of elements 
containing fragments of the same class which are all moving 
in approximately the same direction. A representative ray 
is generated to characterize the fragments of each element 
and the motion of this representative fragment is simulated 
elong a trajectory. <A large number of elements are 
required to ensure all fragments within an element travel 
in approximately the same direction. This procedure can 
mesult in a very time consuming process when the number of 
iragments is large or when the target is complex. In 
eeoetr tO reduce the computation time required, the user 
Mec provide limiting parameters. These parameters are 


associated with the physical dimensions of the target. 
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Limits are established at values which slightly exceed 
the target dimensions. No fragment computations are made 


emirortcae of these limits. 
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PPP COMPARLSON OF UTILITY 


pee | URPOSE 

Bwe invention of this chapter is to examine each 
orogram from two aspects. One point of view will be 
meter OL a model developer; the other, that of a consumer. 
immeoeci cases 10 is assumed the user has no prior familiarity 
with either program (or with any endgame program). 

ime comparison study will be conducted with regard to 
the following six broad subject areas: 

(1) Documentation 

(2) Target geometric modeling 

(3) Probability of Kill/Vulnerable area modeling 

(4) Missile, warhead, fuze modeling 

i>) scenario simulation 

(6) Output interpretation 

Miges ATTACK objective "is to predict the ability of a 
missile to detect and destroy an airborne target." SCAN's 
memeetive “is to predict the probability that an aircraft 
will survive an attack by a missile with a fragmentation 
warhead." These two objectives represent opposite sides 
Memcie same coin. This polar relationship will explain 


many of the differences found between the two programs. 





Bee DOCUMENTATION 
i General 

ihe ATTACK program documentation consists of two 
volumes; Volume I: User's Manual and Volume II: Analysis 
Manual. Both volumes were published in June 1974 under the 
auspices of the AIR-TO-AIR Subgroup, Air Target End Game 
Methodology Panel and are Joint Technical Coordinating 
feoup for Munitions Effectiveness (JTCG/ME) publications. 

The SCAN documentation was published in July 1976 
by the Weapons Evaluation Department, Pacific Missile 
Mee Center, Point Mugu, California. Like ATTACK, there 
are two volumes, a User Manual and an Analysis Manual. The 
Paerysis Manual is subdivided into two parts. 

The User Manuals for both programs are similar in 
Mmee-UD. Bach begins with an introduction of the various target/ 
missile representations used in the respective program. Both 
meermucde discussions of basic concepts, such as coordinate 
Seyocvcem definitions. 

Mhe bulk of each User Manual is devoted to data 
meouco. lhis section of each manual contains a detailed 
Guide for every input parameter. 

In the ATTACK User Manual there is a brief inter- 
pretation of the output followed by a sample problem. The 
eee User Manual combines the output discussion with the 


sample problem 
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iewnayels Manuals are also similar in format. 
Meo pefins with a repeat of the introduction section of 
the User Manual. Primarily, the Analysis Manuals are 
composed of detailed discussions of the mathematical models 
used in the programs. Also included in both manuals 
mmemprosram and subroutine flow charts and source listings, 
along with abbreviation, symbol and program variable 
Peninitions. 

In general, the scope of this comparison will 
deal primarily with the User Manual as the working 
document. ‘The Analysis Manuals will be comoared only 
as a reference source. 

e. User Manuals: ATTACK vs SCAN 

Lie iMmmicoduelory section of each manual is quite 
good. The user can very quickly learn the objective, 
use and philosophy of each program and determine the extent 
of the input data required and the basic capabilities of 
Bae program. it is in the input section that differences 
begin to develop. 

a. SCAN 

The SCAN program has undergone major modifications 

emcee the documentation was published. Entire subroutines have 
meen added. These major changes are not reflected in the 


memrce listing of the Analysis Manual or in the User Manual. 
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(In some cases "pen and ink" changes have been entered in 
the data input section.) As a result of these major 
modifications, new input parameters are required that are 
not indicated in the User Manual. 

fae seneral, the published input instructions in 
the Manual are well written and easy to follow. (An exception 
to this are some of the "pen and ink" additions which are 
Pypaeuous). The fixed format instructions for data input 
memrcomouter data card are consistently maintained 
meroushout the computer medel. 

The instruction sequence is: 

(1) Column - Computer data card columns allocated to 
a specific parameter. 

(2) Parameter - Variable name (i.e., Boxnum is the 
variable name used to indicate the number of 
boxes in the aircraft geometric model). 

omeeniors — Units associated with a specific 
parameter (i.e., feet, inches, degrees, radians, 
etc.) 

(4) Range of Values - Permissable values for that 
parameter. (i.e., greater than or equal to zero). 

(5) Format - Fortran I/O format associated with a 
Beeel Te parameter (i.,e., floating point, integer, 
or alphanumeric). 

(6) Description - Parameter definition and amplifying 


comments. 
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Most of the modifications to SCAN expand the 
Capabilities of the program. For example, the program gives 
@he user the option to designate the specific case as a 
"oroduction run”. If this option is exercised, the program 
fmmeeccnerate a limited output. Additionally, the program 
has been expanded to include the target angle of attack, 
target sideslip angle, and missile sideslip angle 
depending on the trajectory option chosen. <A feature added 
mer alce the Computational time is input data for limiting 
the volume of space immediately surrounding the target. 
this data is used by the program to limit the computations 
memone Specified volume. No input instructions are present 
jn the User Manual for any of these parameters. 

With the exception of the limiting parameter data, 
meese Missing instructions do not prevent the user from 
executing the program. The added parameters default to 
Memo which is an acceptable value for program execution. 
Meere are no error statements which tell the user information 
memmassing. 

ee A PACK 

teem ACK Dreegran wpilizes two forms of input, fixed 
@eenec and namelist. The vulnerable area table is entered 
fer rixed format. Program identification information is 
mimuy by a fixed form alphanumeric code. The target and 
meeeremaining required input is all entered as namelist 


Meariabile format) data. 
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ATTACK, like SCAN, has been significantly 
M@emted Since the documentation was written and most of 
e@ese Modifications have not been included in the 
documentation. Many of these discrepancies will be noted 
on the following pages. 

Tne instructions for vulnerable area data input 
are, in general, easy to understand and follow. Missing 
meeme one User Manual, however, are the instructions for 
emeetring vulnerable component names. This naming feature 
Was not part of the original program. Another area of 
Meeotole confusion is the input of vulnerable areas 
ier raement impact velocities. The program has the capability 
to accomodate up to eighteen vulnerable areas per card 
(one for each impact velocity). Only vulnerable areas for 
impact velocities two through nine are presently used in 
eres program. The instructions for this data must be 
Seretully read to be understood. 

An entire namelist, IFLGS, has been added to 
the program with no mention in the User Manual. This namelist 
memcains a series of flags which direct program flow. For 
Seeemmple, the flag, INTOFT, indicates if the physical 
geometric dimensions are input in inches or feet. The 
YVelue of this flag is then used in conditional iF 
Statements to cause a conversion from inches to feet, if 
Meecessary. The flag value is also used to select the 


eppropriate WRITE statement. 
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Modifications have been made to the program to 
expand the data handling capabilities. Most of the 
namelists have a flag to indicate if the data contained is 
mewee tnis gives the user the option of repeating the 
program execution without changing every namelist. A 
previously defined namelist (i.e., CONTCT, BLAST, CDML, 
etc.) may be used for subsequent program execution by 
inputting the proper vaiue for the flag. Again, there 
is no mention of these new data flags in the documentation. 

MEcCOcine = system 1S Ubsalized by the program to 
Meetivity With which coordinate system a variable is associated. 
For example, AIM2 represents aim point coordinates in 
the target coordinate system, and AIM3 represents the same 
point in a relative coordinate system. AIMe is the required 
mouo. tne program perrorms a transformation to the 
meweaeive system for computational purposes. The User Manual 
Mmareates AIM(1), AIM(2), and AIM(3) are the input variables. 
The variable AIM is not recognized by the program. AIM2 
feeused in the sample problem in the User Manual. 

The program uses the variables TTS and TMS for 
meeeset velocity and missile velocity respectively. 
emer tpiere is no mention of either variable in the 
documentation. 

The User Manual indicates a necessity to input, 
mae, the density of the atmosphere at the target altitude 
in the AC namelist. In reality, RHO is computed by the 
Proeram and is not a required input, and if an input of 


RHO is attempted, an error message will be generated. The 
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Computation 1s made as a function of TALT, the barometric 
peeecude of the target measured from sea level, which 
is an input parameter. 

One ATTACK parameter definition in the input 
Seeul1on is either ambiguous or in error. The definition 
of VZ(I,J,K) given in the User Manual is "average 
emerwon yelocity of the ith fragment class in the jth polar 
meme and the kth radial zone." This implies for a warhead 
of one fragment class, one polar zone and one radial zone 
mrae Only one input velocity is necessary. In reality, 
CWO inputs are used in the program, one for the upper 
Mewar zone boundary and one for the lower. When this problem 
was first encountered it was believed to be a "bug" in 
the program. Since the sample problem in the User Manual 
Melts two values for VZ the "bug" is evidently in the input 
mescructions. 

Model preparation using the ATTACK program requires 
[emmy iterations due to the failings of the User Manual. 
Mmeeecesigner must, in many cases, delve into the current 
Meeeram Source listing to answer input questions. The 
mereelohn in the Analysis Manual containing parameter definitions 
ieee USeful tool in this trouble-shooting process. 
oe Locumentation Summary 
hoOw@ecie pUrPDOSeS Of Chis study the following 

criteria were used to evaluate the documentation: "A user 


With no prior experience with a given program could, with 
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reasonable diligence, design a simple, complete model 

Tor that program with a minimal number of errors on the 
fgieso icveration. Any errors should be correctable 

by subsequent referral to the User Manual." A simple 
ecomplete model is considered £0 be the minimum amount of 
data in each area (i.e., geometric representation, war- 
head, fuze, etc.) necessary to execute the program. To 
say "a minimal number of erros"” is to recognize that even 
Meaemmost AGULiful individual is prone to misreadings and 
feoiicerpretations on a first effort. 

The SCAN manual, while not without fault, is very 
Mmm~—erencoO TWliilling this criterion. The input instructions 
are well written and complete. The missing instructions, 
except for one, do not prevent program execution. The 
SCAN User Manual was easily revised to reflect the changes 
in input required, for use at the Naval Postgraduate 
Seiool. 

A few minor changes in the input data were necessary 
to install the SCAN program at NPS. These changes are 
incorporated in the NPS version of the User Manual. 

Mew euptished ATTACK User Manual is unsatisfactory. 
It is highly improbable any user unfamiliar with the program 
could design a complete model without a great deai of 
research. Because the discrepancies are so numerous, the 


User Manual requires major revisions. 
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fee LARGET MODELING 
1. SCAN Model 

The SCAN program provides the user with the 
meaeaomiicy Of constructing a very sopnisticated geometric 
Meeresentation of the target. The representation is built 
meomee combination of boxes, polygons (up to six sides), 
quadric surfaces and bounding planes (see Figure 2-7). 
Breenumber of shapes is limited to: 

Cay boxes 100 

(do) polygons 300 

(ce) quadric surfaces 200 

(ad) bounding planes 200 

The user may choose from among the eight different 
quadric surfaces (shown in Figure 3-1). They are: 

(a) elliptical cylinder 

Gee ellipsoid 

(e) varaboloid 

(d) elliptical cone 

(e) hyperboloid of 1 sheet 

(f) hyperboloid of 2 sheets 

(g) parabolic cylinder 

(h) parabolic hyperboloid 

aeueamicivicual shape (not including the bounding 
Dlanes) is considered to be a component. The bounding 
planes are used to refine the target model. For each com- 
ponent, the user must specify a material and thickness. the 


material is chosen from the following list: 
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Figure 3-1 (Continued) 
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PARABOLIC HYPERBOLOID 





Figure 3-1 (Continued) 
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(a) magnesium 

(ob) aluminum 2024T 

(ce) titanium alloy 

(d) face hardened steel 

(e) mild steel 

(f) hardened steel 

(g) lexan 

(h) plexiglas 

(i) doron 

(j) bullet resistant glass 

Seoelcwy. che eapability exists for creating a 
heeniy complex, and realistic target representation. 
Unfortunately, this extensive capability involves a very 
tedious , time-consuming modeling process when developing 
complex models. However, this capability for extremely detailed 
modeling does not inherently overburden the less ambitious 
modeler. A simple model, such as a "shoe box model", 

@am be handled quite easily. In fact, an entire target 
could be designed by the input of one shape. 

SCAN used this one target geometric representation 
for computations involving all the damage mechanism except 
Merest. A blast model and a model constructed from the 
limiting data are also required by the program. The 
limiting data, as discussed earlier, is used to create a 
meron iti Space surrounding the target. This is used only 


to reduce the computer time necessary to execute the program. 
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Seeeement trajectories outside the designated region will 
Memeoe Computed. The user may define this region as large 
Semomall as desired, so long as it encompasses the geometric 
meael. 

The blast model consists of cylinders with 
hemispheric caps surrounding the target fuselage and wings. 
The radius of a specific cylinder, also termed the "blast 
radius’, is the maximum distance from the aircraft center~ 
line (or wing centerline for the wing's cylinder) at which 
Pemonation of the warhead will cause catastrophic 
Meeeecural failure of the aircraft at sea level. This 
Meeoealce Will be a function of both the amount and type 
mee explosive used in the warhead and the structural 
Pemposition and material of the target. The determination 
of this distance must be accomplished in a separate analysis. 

eee ALTACK Models 

Ime ATTACK program requires five target representations. 
Meet Or Cach of the possible damage mechanisms plus another 
Mere 1UZe detection or activation purposes. All of the 
data necessary to construct these models are input via 
namelist format. (Refer to Table III-1). 

iieomem@icey, Mit carszel model invovles constructing 
Peeearsey skeleton with triangular plates as shown in 
Figure 2-1. The user is limited to one hundred (100) 
mebeneles for this model. A determination is made as to 
whether the missile will intersect one or more of these 


Meeaces. The missile model will be discussed later. 
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SUMMARY OF GEOMETRIC 


Peeks Lili =] 


REPRESENTATIONS 


UTILIZED BY THE ATTACK PROGRAM 


MODEL 


erect Hit 


Blast 


Multiple Fragment 
(structural) 


Single Fragment 
(component ) 


PuUZzine 


S Colne r 


$BLAST 


$CDML 


$AC 


$FUZING 


INPUT NAMELIST 
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ie meatte weadot, representation is very similar 
to the SCAN model covered in a previous section. The 
cylindrical type representation and the input required are 
nearly identical. 

The multiple fragment (or structural) model 
Mmeprmesents the target with up to ten cylinders. Each 
eerder can be suddivided into as many as ten segments. 
Rach segment may have a different critical energy censity 
mimeeshOld value. 

The last damage mechanism type target geometric 
representation is the single fragment or component model. 
This model is composed of up to 30 components, idealized 
as spheres, located relative to a target coordinate system 
origin. Each component (sphere) is assigned a radius to 
approximate the size of the real target component. This 
is a significant disadvantage when attempting to represent 
Such components as fuel lines, hydraulic lines or 
electrical cables. The developer must either use an 
excessive number of very small spheres to realistically 
represent any component of this type, or settle for a 
Gistorted representation of the component by using larger 
Be@eres. For an example of a component model, refer to 


Figure 2-5. 
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eer omerosecmM@uallon is used for the fuzing 
mequence. This representation is similar to the direct 
meaet!, but less elaborate. A target skeleton is described 
by defining line segments (or sticks). Up to twenty-five 
sticks may be used. The intersection of a fuze look 
emele with any stick in this target skeleton initiates 
SerGain events depending on the fuze logic chosen. 

pe cummery: ATTACK vs. SCAN 

The SCAN program, because of its survivability 
MeerOsOpny, 1s target oriented. The result is a very 
elaborate capability for target modeling. While the thrust 
®f this study has been toward aircraft, the program is 
adaptable to surface ships and land based targets. The 
ATTACK program is more concerned with the effectiveness 
of the missile/fuze/warhead and as a result, the target 
m@eeresentations are less sophisticated. 

The modeling procedures for a realistic complex 
target can be painstakingly tedious for both programs. The 
advantage of the SCAN model, besides the ability to provide 
eeerealistic representation, is that the same geometric 
representation is used to evaluate all damage mechanisms 
Gmeept blast. the ATTACK model requires four different 
Gitficult representations; a direct hit model, a multiple 
fragment model, a single fragment model and a fuzing stick 
mec tie Gifiteculty iS in detail and the Cime to prepare, 
but not necessarily conceptual. (The blast model is not 
considered difficult for either program). 
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oe P_./VULNERABLE AREA MODEL 
im General 

The evaluation of target survivability can be 
Meeren into two parts: susceptibility and vulnerability. 

SUcsceptmomlrGy 125 the probability that a target 
Will be hit (P.,) by a damage mechanism. This P,, is 
dependent on a threat's presence and it's detection and 
Mmereking capability. For the purposes of this study the 
probability a threat (missile) is present is assumed to 
Seer Unity. SCAN deals with the remaining parts of 
Smeercepcibility, ATTACK does not. The SCAN options will 
be discussed in more detail later in this chapter. 

Vienetaat lt ieweds Che amability of a target to with- 
stand a hit by a given damage mechanism. The vulnerability 
depends on many conditions, such as the structural 
composition of the target and the type, size and impact 
conditions of the damage mechanism. 

The issue of vulnerability is treated dirferently 
in each program. ATTACK used a vulnerable area (Ay) approach, 
fle SCAN uses the Probability of Kill given a Hit (Px yy) 
Girectly. These two concepts are related by the equation 

P/E = Ay/Ap 
Here As is the presented area. Both Ay and Ap are aspect 


dependent. 
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eee eULTACK: Vulmerable Area 

ihe ATTACK program requires the formation of a 
peemerabie area table. Ihe data for this table can be 
Beneracved from experimental information, from analysis, 

Meme mom Other computer programs. The component vulnerable 
area data is a function of fragment weight, fragment impact 
Memocity, and impact aspect angle. 

Cmerenibiye snes preocran 15 Capable of creating 
eeeeoole for up to forty aspect angles, seven fragment 
Mewencos and eight impact velocities. While no specific 
limit is placed on the number of vulnerable components 
Memoe considered, the program had the capability for 
reading only nine component names. (This has been 
meerenaed at NPS to eighteen names and could easily be 
increased further). 

The user may determine his own set of aspect angles 
or use the default values provided in the program. (Refer 
to Figure 3-2 and Table III-2). 

The quantity of vulnerable area data required for 
even a small model soon becomes extensive. For card input 
eae vulnerable area for up to eight velocities is entered 
Mer Card. One card is required for each fragment weight 
per aspect angle per vulnerable component. It is possible 
to have up to 182 cards per component if the twenty-six default 
aspect angles are used. This would require up to 1456 


separate vulnerable areas for only one component. 
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ATTACK VULNERABLE AREA TABLE ASPECT ANGLE DEFAULT VALUES 


ANGLE NUMBER ELEVATION (degrees) AZIMUTH (degrees ) 
il -90 0 
aw —45 0 
3 -45 45 
4 -45 90 
5 at LES. 
6 -—45 180 
{ —45 225 
8 -45 270 
9 => SNS 

10 0 0 
ALBE 0 45 
2 0 90 
ies 0 ESD 
14 0 180 
aS 0 Ge 
16 0 27.0 
re 0 BEES 
18 U5 0 
i 45 2 
20 4S 90 
eal 45 eS 
2a 45 180 
25 4S 2e5 
ay 45 270 
gD a5 Sts 
26 90 0 
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Multiplying these numbers by the number of components 
gives the total amount of data necessary. Just the vast 
amount of input required can be a disadvantage to a model 
developer. From a consumer's point of view, the magnitude 
See ne data can be cumbersome. Obviously, once created, 
this table would be more efficiently handled if stored 
Om a disk or tape. 

fhe vulnerable area table is used in association 
With the single fragment, or component, model to compute the 
memponent Py. Vulnerable areas are obtained from the table 
By interpolation for a specific aspect angle, fragment weight 
mmemermoact velocity. The procedure for calculating Pr 
was covered in detail in Chapter Il. 

Vulnerable components may be combined in a manner 
Such that every component in a combination must be "killed" 
mere Lhe target to be killed. This is useful when dealing with 
meanmndant components. 

Been TACK: Other Vulnerabilities 

The ATTACK program investigates types of vulnerability 
other than single fragment. For example, a vulnerability 
to blast will be evaluated by the program. The user may 
mm@ecliy Cither a cylindrical radius inside of which a 
Seeeoty Kill is attained for 4a particular warhead at sea level, 
or a radius for a 1-1b. charge of high explosive (HE) 


and the program will calculate the "blast KILL radius". 


56 





PWeOgtetee voc meme yvulhnerability 15 computed from 
miemmultipile fragment model. This iS an energy density 
Memmeradility. The user must specify a threshold critical 
energy density level for each cylindrical segment below 
which no damage occurs and above which a structural kill 
Mecurs. The method used to establish the number of hits 
for each cylindrical segment is similar to that used in 
miemsingle fragment component model for spheres. 

Wiomiateal wype Of vulnerability is for a direct hit. 
iats model was covered in the section on geometric modeling. 
SemmmeetroCoS are considered vulnerable to direct hits. 

The ATTACK program sequentially investigates each 
ememerability type in the following order: 

Gye iurect hit 

(ay) = Blast 

Soop eoeurueturel (multiple fragment ) 

(d) Component (single fragment) 

Mepeekiii 1s registered for any type, the target Py, 1s set 
moO 1.0 and the other types are bypassed. For example, if 
eeeeasy will occurs, the possibility of a structural kill 


? 


Sena iragment kill is not examined. 
4. SCAN: Vulnerability and Susceptibility 
When examining fragment damage, the SCAN user may 
enoose one of three possible vulnerability types for each 
memoonent. Ihe three types are: 


(a) Single fragment vulnerability 


S| 





(ob) Energy density vulnerab lity 

(ec) Area removal vulnerability 
These vulnerability types were discussed in Chapter Il. 

Like ATTACK, SCAN will also investigate direct 
feeeeona blast kills. Unlike ATTACK, a direct hit in SCAN 
does not preclude examining the results of other damage 
mechanisms. The SCAN program has been modified at NPS to 
prevent a blast kill from pre-empting component damage 
Semorcerations. 

fies voChN “direct hit model utilizes the target 
meee brie representation and a missile represented by a 
Beieeol DOints to determine if the missile body strikes 
mm@emaiLrcrait prior to warhead detonation by proximity 
fuzing. If the missile strikes the target the warhead is 
Semonaved by contact fuzZing producing both fragmentation 
damage and blast damage. 

Another situation examined by SCAN is when proximity 
fuzing causes warhead detonation before the missile strikes 
the target. In this case, the missile debris continues along 
@ne Missile trajectory and may hit the target. SCAN considers 
Meth situations in determining the Py Pore emere con 11 . 

There are eleven vulnerability and susceptibility 
combinations available. The various options are listed 
in Table III-3. Option number 6 defines a component to be 


an IR source and therefore susceptible to detection by an 


58 





eet Ts 8 


Caen nie SUSCErITBELITY OPTIONS 


Option Number Sorrone bes Cen clon 
il Energy density vulnerable 
a Single fragment vulnerable 
3 Area removal vulnerable 
ul Nonvulnerable to fragments 


direct hit vulnerable 


5 Nonvulnerable to fragments 
ance bre cr. fit 


6 IR source and nonvulnerable 
to fragments 


i Energy density vulnerable, 
invasiole to EM fuze 


8 Single fragment vulnerable, 
iivestD lemre 2M fuze 


9 Area removal vulnerable, 
Pivestowe FO. EM fuge 


Ane NOMaenertaot lity CO. fragments , 
invisible to EM fuze 

aN Nonvulnerable, invisible 
Po eM Fuge 


De 


‘ J “ae. wl (4 ec 
= ©} ep eee at ; 





Mamtuze. An example of the use of options 7 through 11 
would be for a component with avery small radar cross 
Section (approximately zero) and is therefore invisible 
to an active electromagnetic (or radar) fuze. <A more 
realistic component representation, but also very complex 
from a model development standpoint, would be obtained by 
Meevroins for the utilization of radar cross section data 
Meme function of aspect. 

All eleven options listed in Table III-3 consider 
the Carget to be vulnerable to blast. A user may simulate 
eee o invulnerability by inputting very small values for 
Mien radii of the blast cylinders in the blast model. 

SCAN handles very effectively the damage assessment 
for components shielded by other components or for one 
component inside another. The program computes the extent 
Of penetration for each fragment group that impacts on a 
component surface. If a fragment passes through the surface, 
the residual fragment parameters are determined and utilized 
tO compute the fragment's penetration capability on a 
Subsequent component surface. The program will allow one 
fragment ray to penetrate up to five surfaces. When 2 
warhead (or primary) fragment penetrates a component 
surface, pieces of that surface (secondary fragments) are 
ejected and become damage mechanisms on subsequent surfaces. 
SCAN assumes these secondary fragments will only damage 


Bne next component. For example, secondary fragments 
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Siecauced trom the first component surface struck will not 
meme luded in the fragments striking the third component. 

The SCAN program provides the capability of defining 
Pernacions OL components as target systems. The systems 
Semorse Of Components tied together by logical .OR. and .AND. 
Statements. Realistic system survival probabilities can be 
Seearned from proper use of this capability. This is an 
excellent method for handling both singly vulnerable and 
multiply vulnerable components. 

5. Summary: ATTACK vs SCAN 

The results of either program are only as good as 
the information provided. The assumption has been made 
Mere that the vulnerable area data and the PK /H information 
are accurate and complete in raw form. 

The ATTACK program has the disadvantage of the 
volume of data required to construct the vulnerable area 
mores. The input to SCAN on the other hand is very 
compact and is included with the geometric modeling data. 
Regardless of the mode of component vulnerability chosen, 
SCAN requires at most three values per component. Note 
that values are not aspect dependent. If, for example, a 
meme! developer wants a higher Pk /H mene oOourLom of sa fuel 
tank than on the top, the tank must be modeled as two 
components, each with a specific Py sq. 

Penance iuGes SUScCepuLbDIJity options. ATTACK 


Meevains Only to vulnerability. 
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ATTACK requires both single fragment and multiple 
fragment (energy density) models to be input. The SCAN user 
specifies either single fragment, energy density or area 
removal vulnerability for each component. 

A Significant advantage of SCAN is the realistic and 
mento le method used to define systems and to account for 
redundancy. ATTACK does not have a true system defining 
procedure. ATTACK has only a crude component combining 


process which links together multiple vulnerable components. 


BE. MISSILE, WARHEAD AND FUZE MODELING 
im General 
The missile/warhead/fuze combination will be referred 
to in this section as the "threat". As will be seen , the 
warhead models of SCAN and ATTACK are very much alike. ATTACK 
defines the extent of the missile by a collection of vectors 
(or points) relative to the missile coordinate system. The 
missile representation for SCAN is extremely simple. The 
major differences in the threat model of the two programs 
are the fuzing capabilities. 
eee ALTACK vs SCAN: Missile 
The ATTACK program has the capability to define and 


locate up to ten missile components. The warhead, fuze and 
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memer components are each represented by a point positioned 
relative to the missile coordinate system origin. These 
mambo, Which represent the missile, are projected through 
Mumma are used to determine such things as direct hits. 

The SCAN program simply locates the missile nose 
and aft end along a straight line relative to the center 
M@ecie Warhead. A missile body radius is also specified. 

3. ATTACK vs SCAN: Warhead 

FeuIeprogzrans Use tne concept of fragment spray 
wOlar zones and fragment weight classes. The SCAN user 
May define up to thirty-six polar zones and as many as 
Meeee iragment weight classes per polar zone. The ATTACK user 
memeeimicted to ten polar zones and five fragment classes, 
mummolso may define up to eight radial zones for nonsymmetric 
fragment sprays about the warhead centerline. 

POun programs define initial fragment velocities 
Within the designated polar and/or radial zones for each 
femmeeG Class. Both programs allow the user to locate the 
fragments anywhere along the warhead axis and to designate 
mes tOLal number cf fragments for each class and Zone. 
ATTACK further requires the input of an average fragment 
rae area and a coefficient of drag for each fragment class. 

PeCcmebonal oFAN features include the capability to 
memect a fragment material type from a list of ten options. 
The fragment shape can be designated as cubical, spherical, 


mecvanfular or irregular. 
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HH ATTACK vs.SCAN: The Fuze 

SCAN gives the user only three choices for target 
Memeeweenon. One choice is instantaneous detection at the 
[ereoeie Starting point. The other options are an IR fuze 
and an active electromagnetic fuze with one look angle. 

A component must be designated as an IR source by 
M@eciiying the proper vulnerability/susceptibility to be 
detected by an IR fuze. Detection by the active electro- 
magnetic fuze will occur if a ray along the fuze look angle 
intersects a reflecting surface (target component) within 
the detection range of the fuze. The detection range is 
meeciiied by the user. 

ATTACK presents the ten fuze options (logics) shown 
in Table III-4. An eleventh option was incorporated at 
NPS. The NPS modification allows the user to simulate 
Seetiscvantaneous warhead detonation. This was utilized to 
control the relative location of the warhead with respect 
memtne target at detonation for the validity study discussed 
mee napter IV. The SCAN options most nearly correlate to 
Sumeack logics 5,6, and 1l. 

Both programs allow a fuze time delay. This is the 
time interval from target detection to warhead detonation. 
ATTACK has the option of specifying a fuze distance delay in 


feu of the time delay. 
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TABLE III-4 


LISTING OF FUZE LOGICS 


Ssemi-active doppler fuze 


Semi-active doppler fuze with 
Sener tee © Cer 


semi-active doppler fast truck fuze 


Semi-active doppler fuze for 
intercept arm; fixed angle fuze 


Fixed angle active fuze 
Pozo Operating 2n pursuit mode 


PecireshUZe Wile Tore and aft 
fixed angle fuze cones 


Passive fixed angle fuze 
Semi-active with guard channel 
LOmmmrerweceoroatin, fixed angie 


Poreeone om sam. s6uZze on Jam 


Semi-active doppler with guard 
Ceoannel arm 


Instantaneous detection 


PieememoclOn 15 an NPS modification 
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5. Summary 
Vines souerar more flexible and detailed than 


Sereiean the area of fuzing. The ATTACK fuzing model is a 
Semmeiscitul feature tor design of a sophisticated ordnance 
package. (The ordnance package consists of the warhead 
and the fuze). 

The warhead models are similar. ATTACK provides 
ferme LJexibility in derining radial zones while SCAN allows 
Meeemore DOlar zones. ‘The choice of which program to use 
memeeca De dictated by the actual specifications of a 


@eroi cular warhead. 


fee SCENARIO SIMULATION 
im General 
A useful Endgame program must be capable of simulating 
many diverse encounter geometries. Both ATTACK and SCAN are 
Meeeened to satisfy this condition. 
2. SCAN 
SCAN provides three trajectory options. Case one is 
mmeexcad trajectory specified by an initial missile range 
Meee from the target center of gravity to the missile 
Center of gravity and expressed in the target coordinate 
Seysvem. Case two is a trajectory with a specified guidance 
error (miss distance). Case three is a trajectory in which a 
Miss distance is computed from a normal distribution with a 


specified circular error probable (CEP). 





The user provides such parameters as target roll, pitch 
and yaw angles, target speed, target angle of attack and 
Sideslip angle; missile elevation and azimuth angles with 
mieemroara deviations, assuming a normal distribution, missile 
speed, missile angle of attack with standard deviation, 
Seeeouncver altitude and missile aimpoint. 

An extensive statistical analysis can be made by 
specifying one or more non-zero standard deviations, ana 
Unlimited number of missile trajectories may be simulated 
for each case (set of parameters). 

Mie precise location of the warhead detonation is 
easily controlled by a proper combination of case and fuze 
Options. An initial range can be specified in the case 
data, and a fuze option for instantaneous detection with 
no delay time in the fuze data. This is extremely important 
for a user who wants to generate Px contours about the 
target or who is comparing the effects of different warheads 
@m the same target. It could also be used to compare 
the relative damage inflicted by the same warhead on targets 
Seeoitfering component configurations. 

ee ATTACK 

The ATTACK user has primarily two options for the 
Massile trajectory. He may specify a set of up to one hundred 
fess Gistances relative to an intended aimpoint or he may 


require the program to generate miss distances by implementing 
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1 The 


eee onve Carlo method with a Gaussian distribution. 
Meter option requires a standard deviation in a plane 
emeeendicular to the relative motion of the target and 
moc Missile. 

The relative motion coordinate system as used by 
meeeon 1s a right hand system with the positive X direction 
Setaned along the vector formed by combing the target and 
fool lic velocity vectors. 

iicsuiser May also specifiy missile elevation and azimuth 
emeles Cither in the target coordinate system or the 
relative system. The missile angle of attack and sideslip 
angle are also input along with missile and target speeds 
and Maicounter 5) JL Gali Wesley 

4. Summary 

The SCAN program has more options in the number of 
Memmi ole Lrajectory types and has a greater flexibility 
Metemsvavistical variations. The SCAN encounter geometry 
specifications are all located in the same input data section. 
The ATTACK inputs are primarily in the PARAMT namelist, but 


several encounter parameters are in the AC namelist. 


‘While installing the ATTACK program at NPS, a problem 
feeemeicovered with the Monte Carlo method. Frogram execution 
Was terminated by an IMSL error message when this option was 
meeempoved. This was traced to the IMSL subroutine GGNML which 
Mmemused tO compute a random number. This subroutine requires a 
Memn—Zero, double precision seed value. The seed defined in 
mie Program did not satisfy either condition. The NPS version 
has been modified to an acceptable value. 
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A eonsumer desiring to examine many varied types 
Semencounters and to establish a sound statistical base should 
select SCAN. A significant disadvantage of SCAN indirectly 
Mea lO Lene encounter geometry is the amount of computer 
meme required for execution. This problem Will be addressed 


meet an tChis chapter. 


eeOULPUT INTERPRETATION 
1. General 
mies aoeeurace and Cemereneénsive results from 
any computer program are nearly useless if the program is 
mieemoletce or ambiguous. No single output format, however, 
femme Oe LOotally satisfactory to every consumer. Each individual 


Hone 


Mmeememwents Specific pieces of information. The quote 
man's signal is another man's noise" seems to apply. Consequently, 
this section will attempt to nighlight the differences in the 
mor OUULDUTS. 

Boch programs provide listings of the target geometric 
Oemewis, warnead data and the blast model. The geometric models 
ere Ol interest to the model developer since they provide a 
Meee Of Che input data. However, this check could be much 
meeemecitrectively performed with a graphics capability. 


(NPS does not have a graphics package for either program at 


mais time.) 
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The ATTACK program provides an echo point of the 
namelist input, but not the vulnerable area tables. The 
PCAN input Py imomenaetome lS OULODUL as part of the target 
Beemetcric model. This can be useful in comparing the 
mematave vulnerabilities of several components. 

Mie SCAN CULTpUL provides a Tairly complete description 
of the fuze. The fuze data available in the printed output 
for ATTACK is very sketchy even though some of the ATTACK 
fuze models are very sophisticated. 

Bach program fives extensive case descriptions. 

ATTACK provides tablular summaries for up to ten cases per 
eis toole Contains relative velocities, missile orient- 
ations, damage summaries for each type damage mechanism; 

ead overall Py's. A typical example is shown in Figure 3-3(a). 
This is followed by a component summary for each case shown 
in Figure 3-3 (b). The component summary gives the number 
of expected kills per specified number of missiles for 

each case. (Only one kill per missile encounter geometry 
is possible). The component P, is also listed. 

SCAN treats each case separately. Listings of 
encounter conditions, component summaries and system Ps 
meemmnciuded in the output. A typical printed output is given 
in Figure 3-4. SCAN provides the range of the warhead at 


Meeonation in the target coordinate system. It also indicates 


Meemparctcicular components struck by a direct hit. ATTACK 
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(a) 


Exon teeeGr CAN MConpuGcer JhrinvouL Results tor 
(b) Overall Survival 


Probabilities for 45 Trajectories 


(a) Component Summary, 
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emeye indicates the probability a component is killed by 
Pregements. SCAN records the number of fragments hitting 
each component. 

Here multiple missile trajectories, ATTACK only lists 
the results of each encounter and a statistical summary of 
all encounters. For example, if for one case (set of parameters) 
mmeeeet desires 100 missile trajectories, ATTACK will provide 


a summary for overall target P_'s for a sample size of 100 


K 
and a tally for each type of damage mechanism. The 
component summary will contain the number of kills expected 
for 100 missiles. For the same example, SCAN would yield 
a component summary of fragment bigs plus system and overall 
Peebability of survival (Po) data for each trajectory. In 
Paereion, up to date (accumulative) statistical computations 
are given for the system Pais. 

Overall, the SCAN output seems neater, more compact 
and more informative than the ATTACK output. The ATTACK 


Summary listing of up to ten cases per page is a useful 


feature. 


H. COMPUTER CONSIDERATIONS 
moe lime co Bxecute 
One major disadvantage of SCAN is the excessive 
computer time required by multiple cases and/or trajectories. 
For example, forty-five separate cases with one trajectory 
per case required approximately 24 minutes of CPU time 


on the NPS IBM 360/67 to execute. The same number of runs 


is 





moet ACK with equivalent models required only about 1 
minute of CPU time. The internal memory rquirement for 
both programs is nearly eaual (approximately 240-250K bytes.) 
(The models used for this execution time comparison are 
the same as those used in Chapter IV.) 

The CPU time required for execution is dependent 
on target geometries, encounter geometries and the war- 
head. The SCAN execution time is strongly related to the 
moemoer Of fragment trajectories that strike the target 
(within the limiting envelope). This is caused by the SCAN 
method of computing individual fragment trajectories. The 
"fragment collector" approach of ATTACK is much quicker. 

ihe Rumber of fragments Chat strike the target 
depends on the encounter conditions at detonation. In 
an effort to determine the computer time-detonation 
distance relationship, a series of trajectories were 
investigated. The same simple models were used as for the 
validity study (Chapter IV). Each program was executed at 
Seeseoeaistances from five to one hundred feet. The results 
are TtTabularized in Table III-5. As revealed by these 
results, the SCAN execution time is very long for extremely 
elOose—-in conditions, when many fragments hit the target, 
Dut becomes comparable to ATTACK at miss distances of 
approximately 60 feet where fewer fragments hit the target. 
At distances greater than 60 feet, SCAN is actually less 
Time consuming than ATTACK, which shows time fluctuations, 


but no significant distance dependence. 
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Tepe ie ET = 25 


COMPUTER CONSIDERATIONS SUMMARY 


Ce TIME 
wars ance SCAN ATTACK 
5 feet Si jucle) eyere. 5.33 sec 
10 feet 26eo sec 6.00 sec 
EO feet iS. 0e "sec 6.54 sec 
40 feet 8.47 sec (45 (See 
60 feet 5.66 sec 5a (0s) Sieve 
Sor reet 4 Sl sere 5.46 sec 
100 feet Se io ion © See ea See 
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In addition to the distance separation between 
memes and tCarget, the number of fragment trajectories 
Within the limiting envelope depends, obviously, on the total 
number of fragments in a warhead. Table III-6 shows the 
feeesen Ot Changing the number of fragments on execution time. 
The SCAN program execution time increases with an increasing 
number of fragments, whereas ATTACK's execution time remains 
Mearly constant. 

mee input Data Preparation Time 

Pastnaicavrion of the preparation difficulty is the 
Memeer Of data cards required to execute a particular program. 
Por the models used to compile the results given in Tables 
TlI-5 and III-6, the SCAN input consisted of 90 data cards 
per encounter. ATTACK required 650 cards per encounter. 
[een Orimary difference is the vast amount of vulnerable 
area data needed for ATTACK. 

For these same situations, ATTACK provided 278 lines 
Seeorinted output, while SCAN printed 210 lines. 

fe oummery Of Computer Requirements 
Table III-7 summarizes some of the general computer 


mequirements of each program. 


I. CONCLUSIONS 


1. Ease of Model Bige atau lon 


The current SCAN documentation is much superior to 


wnat for ATTACK. An unfamiliar user would encounter many 
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Pepi Iff = 6 


NUMBER OF FRAGMENT EPFECTS ON EXECUTION TIME 


Total Number 


of Fragments ATTACK SCAN 
L000 4.41 sec Seo aciec 
2000 4,60 sec eos. C 
3000 4.45 sec {-00 sec 


Miss distance = 50 feet 


eS, 





| 
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Cie tir = 7 


GENERAL COMPUTER REQUIREMENTS 


meme tO Compute 
Core for Compliation 


iene to Link 
Core for Linking 


Time to Execute 
Mere for Execution 


Source Code Card Deck 


SCAN 


iene. 25.95 Sec 
116K 


4.52 sec 
ek 


Variable 
218K 


4325 Cards 
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178K 


Variable 
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difficulties when attempting to prepare an ATTACK model 


due to the numerous inconsistencies and the incompleteness 


of the User Manual. The SCAN documentation is, in general, 
well written and easily understood. 

Moastiuceron on the vulnerable area tables for 
eters Very Gitficuilt, if for no other reason than the 
Meeneruce of required data. This problem can be circumvented 
Seeetcilization of an external source for vulnerable areas 
mmene as COVART (Computation of Vulnerable Areas and Repair 
Wame ) . 

Maewoof geometrical model can be very complex. The 
elie Of time and effort required to develop the model 
iemevery much the perogative of the user. Even for a simple 
model for ATTACK, essentially five geometric representations 
eee required. 

There is very little difference between the two 
mmoerams in the amount of time and effort required To 
Mmeemare The other portions of the input. The threat model, 
blast model and case data are approximately equivalent 
Pees regard to preparation. 

ie ImGrcauLon on the difficulty with any program 
Mmmmeeeo rumber of data cards required. As noted in the last 
mere clon, OCAN requires only a small fraction of the cards 
needed by ATTACK for the same models and the same 


mecounter conditions. 
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fee Vere avility 


oo) roma commmeatscUper1 Or with respect to the target 
feeeb. iIThis oprogram gives the user the capability of 
Beeooructing a very elaborate and accurate target 
representation. The ATTACK models are crude in comparison. 
Mees aCAN encounter simulation capacity is also more extensive 
Meeeall ACK. This is due to more trajectory options available 
Saemmore Opportunities for statistical variation. 

On the other hand, ATTACK has a much more sophisticated 
fuzing capability. The many logics available make this 
feature very attractive when designing ordnance packages. 
BCAN’S fuze section is not nearly as useful. This points 
to the differing basic program philosophies-warhead effective- 
Meee vs. aircraft survivability. 

The SCAN output seems more informative than the ATTACK 
output. SCAN provides more detailed information in a more 
Semoact format. The usefulness of the information, however, 
memeeeerunection of the consumer and the application. 

Popeacine on the particular models and encounter 
conditions, SCAN can consume a relatively large amount of 
memouter time. The degree to which this additional computer 
time is a disadvantage is dependent on the project and the 


@reanization. 
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3. Summary 

Limi or aC esewondy clearly superior to 
memwein the fuzing model and possibly in the computer 
Seereuvi1on time. in all other areas SCAN is either better 
or the programs are nearly equal. The biggest ATTACK dis- 
Maeetapete 15 the poor quality of its User Manual. This 
meewor makes initial utilization of the program extremely 
Seer ra cult. 

The strong points of each program could have been 
meat cved from the objectives. SCAN, being target survival 
Minded, has an exceilent target representation. ATTACK, 
Which is more warhead oriented, has an excellent fuze/ 
Mernead model. The culmination of these philosophies is 
Meemecic in the output. SCAN reports probabilities of 


Seevival;, ATTACK reports probabilities of Kill. 
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A. GENERAL 

An analysis regarding the relative accuracy or validity of 
Saenworogram with respect to another must be based on two 
mermoeiples. 

(i) equivalent inputs 

(2) independently verifiable results 
mommorder tO compare the results of two programs, the inputs 
feiss be equivalent or the comparison is meaningless. Further- 
memo. 10 definitive determination as to the accuracy of the 
Pees Of Clither program is possible without a third 
source of solutions. How these two principles were imolemented 
memeeone Validity comparison of ATTACK and SCAN is the subject 
@eecone tollowing sections. 

Despite the fact that both ATTACK and SCAN are Endgame 
Mmeeerams, che nature and trorm of the input data is in some 
Cases very different, as discussed in Chapter III. 

Because of these differences, very simole models were prepared 
for the comparative study. By keeping tne models simple and 
Peepreparing the ATTACK and SCAN models in parallel, it 

Mas possible to avoid any contradictions and inconsistencies 


moe the input. 
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Mmemrecessity Of this simplistic approach prohibited 
exercising much of the capability of both programs. The 
Masenvy Of this comparison is not to undertake a detailed 
Meltdity analysis of the many features of either program; 
rather, it is to establish the foundation for a level of 
memeraence in the Dasic logic of one or Doth programs. 

The emphasis of this chapter is on the component models 
mm@omsingle fragment vulnerabilities. Direct hit, energy 
Memeeecy, and Diast models are included in the discussion, 


but were not examined in detail. 


B. EQUIVALENT INPUTS 

i. Target Model 

The "shoe box" model shown in Figure 4-1 was chosen 

meee comparison. This type of model could be easily 
meeeored for both programs with near total certainty of 
equivalence. The dimensions of the model are 33 feet by 
meen py 3 feet. The target is divided into eleven identical 
mmeemee COMPONENTS. This division was necessary so each 
memeeonent cube could be represented by a sphere in the 
ATTACK single fragment (component) model without distorting 
tne geometric shape of the target. The representation is 
Semmetric about the centroid of component six. The eleven 
components are used to define two systems in the SCAN model. 
The forward system (FWD) is composed of components one through 


six. Components seven through eleven make up the aft system (AFT). 
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The SCAN target representation is @emstruevred from 
Pape pOoxeS. Each box is a 3 foot x 3 foot x 3 foot cube, 
and the boxes are arranged as shown in Figure 4-1. The 
assumption is made that any fragment nit on any component 
fees result in a component kill regardless of fragment mass 
mumeeioacey Velocity, 1.e€., each component was designated as 
Single fragment vulnerable with PK/H Squaiegeo “Wnty. 

iie SATIACK contact (direct hit) model consists of 
@memye triangles. There are two triangles per box side as 
shown in Figure 4-2. 

The single fragment (component) ATTACK model consists 
cum eleven Mecca weoaec@en ht awradius of 1.5 £t. situated 
along the target axis as shown in Figure 4-3. The sphere 
Bemeroids of the ATTACK model and the cube centroids of 
the SCAN model are identically located. Each sphere 
represents a single fragment vulnerable component. The 
Vulnerable area tables for ATTACK were computed assuming the 
vulnerable areas were equal to presented areas. The 
meesencved area for each component was manually computed for 
each of the 26 aspect angles. These computations were not 
Serricult due to the simplicity and symmetry of the shoe 
box model. Therefore, PK /Y equals one for ATTACK, which 


is the same as the SCAN component model. 
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The ATTACK multiple fragment (structural) model is 
represented by a single cylinder of only Loe segment as shown 
in Figure 4-4. This is an energy density type model and 
mecoeincluded merely for completeness and 1S not used in 
the comparison. This model was bypassed during execution 
by defining the no area on the cylinder vulnerable to an 
energy density type mechanism. 

Pwewro rhe psimi learicy ian the SCAN and ATTACK blast 
models, equivalent blast representations are not difficult 
to develop. The validity of either program's blast model 
emer Within the scope of this study. As with the structutal 
feel. the blast models are included only for completeness. 

the other target representation prepared was a stick 
feel for the ATTACK fuze mode. This representation is 
composed of twelve lines, one for each edge of the shoe box. 
This model does not have a SCAN counterpart. Since a fuze 
Option resulting in instantaneous detection was chosen, the 
Stick representation was not utilized. 

2. Fuze and Warhead 

A simple warhead containing one polar zone, one 
radial zone, one weight class (105 grains) and‘one initial 
fragment velocity (5180 ft/sec) was used for the comparison. 
Iwo thousand fragments of identical size, shape and material 


composition were assumed. The fragment static spray angles 
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were 75 degrees and 105 degrees. All fragments were assumed 
Bememanate from the warhead center. The warhead center of 
Memeo ye was placed coincident with the missile center of 
Peevey. lhis was done to avoid confusion when referring 
to the location (or range) of the missile or warhead with 
meoece CO the Carget at detonation. The option in 

See specifying initial detection was chosen with a zero 
Gelay time for detonation and the fuze logic ll that was 
added to the NPS ATTACK program was used. This logic gives 
PLTACK the capability of instantaneous detection and 
Getonation. The added option was necessary to ensure that 


m@emwarniead was detonated at the same location by both 


programs. 
foe > CCNnarios 

A valid comparison of the program results requires 

identical encounter conditions. Care was taken to ensure 


Mmeleeeone target and missile speeds and the relative to the 
Memeeeo Dy proper setting of the amipoint and miss distance 
Bememeters. The fuze options were specified as discussed 
meevlously. 

three classical encounter geometries were selected 
for comparison; parallel head on, parallel tail chase and 
Meeocing. Fifteen trajectories were examined for each 
Pmeounter type. The trajectories comprised warhead detonation 
eter. 1) ft... 15 ft., 20 ft., and 25 ft., above, 


memeew and to one side of the target centroid. 
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A total sample of 45 trajectories for each program was 
scudied with respect to single fragment vulnerable components. 
The results of 40 of these trajectories are reported in 
Tables IV-1 through IV-8. The crossing encounter geometry 
with warhead detonation to the side of the target was 
meemtnciuded in the tabularized data because both programs 
maemcatred direct hits for all five trajectories. As a result 
Che ATTACK program bypassed the single fragment model. Sample 
mrrnvoutrsor the input models and the results for SCAN and 


ATTACK are shown in Figures 4-5 and 4-6 respectively. 


Meee ve RLPLABLE RESULTS 
Pemanual analysis of any encounter for verification 
purposes is made possible by choosing simple models and 
memere Cncounter geometries. This external source for solutions 
Mmemereguared to establish a validity base. An example of 
one of these plots in illustrated in Figure 4-7. This particular 
faeeoct is for 4a tall chase scenario with the detonation 
point 10 feet above the target. The warhead is symbolized 
Meee DOlnt. The aspect of the figure is from a direct 
Seae view. 


Fragment dynamic spray angles (@) were calculated using 


| 


g = Arctan ons aay 
Gp ences oO) 
C0 
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where Vo is the initial fragment velocity 
| ne ee emGeteveve Cheounter velocity 
eels the Corresponding Static spray angle 

The fragments will fly out in the zone detween the front 
and rear dynamic spray angles. In this example, components 
four, five and six are struck by fragments as shown in 
Figure 4-7. Table IV-1 shows that both SCAN and ATTACK 
models indicate hits on these same components at amiss 
distance of 10 feet. This plotting technique was used 
as the independent analysis to verify the results of a 


sampling of the 40 trajectories selected arbitraily. 


Seen ALYSIS OF THE RESULTS 

The results of the two programs correlated very well. 
For the forty encounters summarized in the Tables, 440 
component hit possibilities existed. Of these 440 trajectories, 
PeMeradictory results between ATTACK and SCAN occured only 
eleven times (2.5%). 

em Of tChese contradictions resulted from SCAN indicating 
mecomoonent was hit that was not indicated by ATTACK; only once 
was the reverse true. In six of these ten cases, the "extra" 
component was struck by fewer fragments than any other 
component in that SCAN encounter. This observation is made 


possible because SCAN reports the number of fragments hit 
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Comp 


Comp 3 


Comp 
Comp 
Comp 
Comp 
Comp 
Comp 
Comp 


Comp 


Notes: 


TABLE IV - 1 
ATTACK vs. SCAN TAIL CHASE TYPE ENCOUNTER 


WARHEAD DETONATES ABOVE TARGET 


Range at Detonation 


5 ft 10 _ ft 15 ft 20 ft eo ft 
=e oo == == SN 
= a soe S/A ve 
== ee S/A S/A S/A 
a S/A S'/A S/A Sui 
7h as S/A Say S/A 
Says STN Sey STi S 


SCAN component hits are denoted by "S" 
ATTACK component hits are denoted by "A" 


S* indicates the Component seeruck by the most 
fragments in the SCAN model 


S indicates the component struck by the fewest 
fragments in the SCAN model 


18: 





teas. 1 cere 


ATTACK vs. SCAN TAIL CHASE TYPE ENCOUNTER 


WARHEAD DETONATES BESIDE TARGET 


Range at 
5 ft. ie ee © 
--- A/S 
A/S A/S” 
se A/S7 





Detonation 
U5 tee Omar 25 ft. 
--- --- A 
——— A/S” Ws 
A/S A/S ye 
A/Ss* Ws A/S 
A/S SY ys 
NS A/S7 om 


SCAN component hits are denoted by "S" 


ATTACK component 


S* indicates the 


fragments in the 


SS” indicates the 
Leo gMents im) che 


hits are denoted by "A" 


component struck by the most 
SCAN model 


component struck by the fewest 
SCAN model 
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ATTACK vs. SCAN TAIL CHASE TYPE ENCOUNTER 


(1) 
(2) 
(3) 


(4) 


WARHEAD DETONATES BELOW TARGET 


Range at Detonation 


2_ft. i0 ft. ip tt. 20 it. eo ft. 
a a a —— A/S 
= — a vie A/S 
— aaa A/S A/S Se 
= A/S Sa ss A/S 
Wise Lys A/S VAS ys 
se ASS LVS MSS a 


SCAN component hits are denoted by "S" 
ATTACK component hits are denoted by "A" 


Se inideates the component struck by the 
most fragments in the SCAN model 


S” indicates the component struck Dye tne 
fewest fragments in the SCAN model 
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os) eer 


-— @& <= 





Comp 
Comp 
Comp 
Comp 
Comp 
Comp 
Comp 
Comp 
Comp 
Comp 


Comp 


i= 


Orn WI 


9 
10 


ial 


Notes: 


ATTACK vs. SCAN HEAD ON TYPE ENCOUNTER 





TABLE IV - 4 


WARHEAD DETONATES ABOVE TARGET 


Range at Detonation 


10 ft. 15 ft. 20 ft. 
A/S ats = 
A/S ES A/S 
VS Nise A/S* 
--- A/S A/S 
a A/S7 A/S 


SCAN component hits are denoted by 
ATTACK component 


the 
the 


ag indicates 


fragments in scan model 


S” indicates the 
fewest fragments 
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Gomp 
Comp 
Comp 
Comp 
Comp 
Comp 
Comp 
Comp 
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ATTACK vs. 


WARHEAD DETONATES BESIDE TARGET 


Range at Detonation 


5 ft. 10 ft. 
S es ea eae 
Lye Ss 
A/S A/S” 
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SCAN compnent hits are denoted by 


ATTACK component 
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fragments in 
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fragments in 
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component struck 
SCAN model 


Cenweonens sSsuruck 
SCAN model 


SCAN HEAD ON TYPE ENCOUNTER 


Bom ee 
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A/S 
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Notes: 
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(2) 
os 
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NSIS 


ATTACK vs. SCAN HEAD ON TYPE ENCOUNTER 





WARHEAD DETONATES BELOW TARGET 


Range at Detonation 





Bee or. LO say 15 ft Dolastiey 25 ft. 
3 ee a Ere et 
Vice A/S — —— = 
A/S A/S" A/S A/S = 
ae: A/S A/S” A/s3* A/S 
= a A/S A/S A/s* 
meee = Visi A/S A/S 
SCAN component hits are denoted by "S" 
ATTACK component hits are denoted by "A" 


ae 
5S indicates the 
fragments in the 


Commpodeme struck by the most 
SCAN model 


> saidicates the 
fragments in the 


component struck by the fewest 
SCAN model 
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Peto vce oct CROSSING TYPE 


WARHEAD DETONATION ABOVE 


Range at Detonation 
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ATTACK component 
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5S” indicates the 
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hits are denoted by "A" 


Eommonene Suruck by the 
SCAN model 
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SCAN model 
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Comp 
Comp 
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TABLE IV - 8 


Pie vew CAN CROSSING TYPE ENCOUNTER 


WARHEAD DETONATION BELOW TARGET 


Se indwedtes 
fragments in 


the 
the 





Range at Detonation 
Seen INO te oy BS aes Ge oer a Oia fei) 
S == = ee ee 
A/S --- --- --- --- 
a 
A/S --- --- --- --- 
A/S S --- --- --- 
A/S --- --- --- --- 
a= ae 2 sous pene =o 
SCAN component hits are denoted by "S" 
ATTACK component hits are denoted by "A" 
st indicates the component struck by the 
fragments in the SCAN model 


component struck by the 
SCAN model. 
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most 


fewest 





satnsey jo otduexq ue pue uostaeduog coy sqynoqurag azaqnduop 


0°O 


0°6 


0°O 


0°O 


O° 


0°OC 


0°O 


0°0 


veo 


v0°v 


0°U 


N° 


0° 


0°6 


0°39 


10 


TO 


10 


1a ¢ 


10 


$0 


UOs? T 
ON6°91- 
Us? T- 


IOV TPL 
GUS? | 
aUS°ETA 
UCs° T- 


ICC TPU 
Utiy® 
ves? Ole 
(US? 1- 


30F 1 °¢ 
O03° I 
{04° - 
(CG* ]- 


I00T %8) 
LeSe] 
LES* Fe 
ULL? le 


Ubsty 


5 LAS Oy ht 
Cos? j 
LOS OT 
Cus? le 


3001°%: 
VOS* I 
U0s° Et 
UUs? Je 


3001°O 


Hyd 


4d 


Had 


Hind 


Had 


Had 


H xo 


Hid 


T® Fr.) 


Tapop, OFIQeWoOSH YousAIeyZ, (e) 


ccf 


_— Crit 
ae ak’ a 


‘a 


Q2c¢ 
wees 


YAWN 
“1 


C7t- 
Funk 
e 
~ 


eae 


=~ os 
_ 


of AWOIN 
1G ° 


Jey 


Swot VWOoosr Cece. coc 


e 
ed 


N CCO 


YJEWIIN 
UUS* | 
005° 9T 
00S* I- 


T Y3BRAN 


N0S° 1 
NNS° ET 
QOS ° 1 


NUnWb J 


OCS°T 
OOG*OT 
NOG *T 


N Jive JD 


OCS ° T 
003 °l- 
oes? 


Nar D2 


OCG? T 


OUS ad T 
NON? T 


Nein 9 


UGG? ] 
OCG*S 
V0G6°] 


f CW ID 


ONG? I 
rogeeL 
HO4°T 


Be 1 ee 


Gus? 1 
NOGA 
OG? I 


NCW. 


ee | 
006° 6.1 
ong] 


tH JW 3 


Vu0sS*T 
NNS° 9 
0CG°T 


NORW)9 


11 


1 


fj 


» 


€ 


G 


T 


COS *T 

C06 °9T= 
0US *1 

INA’ dw)d 


Use CON 


005°] 
CUG°ETA 
Cus? 
Than oh 39 


UIA! KOH 


CUG*I 

C04 °CT- 
(G°] 

df Idk Tt) 


MIPbaN Ke 


COS *] 

C05 °%L- 
(Cs °l 
gt.3ts' dW 


VINE AI KIA 


COs 71 

Cus 9= 
H05°% 
INGi/TaWID 


HI8bAN XOS 


COCG°] 
Gus°J- 
(9OG°] 
Jivd'] ‘AWD 


MIHLN KI 


(OS°T 
Cus °T 
(05° 
Livsi.IdGhwK ID 


YIHeGN KI 


COG°T 
f£,45°¢ 
COG? 
JUHU. Ide. 


HMICb dey AIL 


CO4°T 
C5 °%% 
CO4° 1 
EK vidudhW 39 


WIUHOY Wt 


(OS *1 

COs °Cl 
CCS°*T 
INWs' Ide JD 


YVARry. NW MIG 


COS * I 
COs*tl 
GAY? J 
INIWOdWOD 


WIGKAN X08 


OUs °T- 
ONS °YTH= 
OO% PT 
Nj 4s Vie TEX? 
SSSANITHA NG 
U0S °Te= 
O45 °r Te 
UUs* J 
NU AS TVNALX4 
SS gVadTd Stal 
OUS ~ t= 
vos °POTH= 
(0% °T 
NEMS Ww TX 3 
SSANMDITHE CNG 
VU5°T= 
005 °%l= 
UUs" I 
NIWS WWHRIIXKG 
SSANHDTH] °NI 
UNs*T- 
004° %A= 
Oj.” | 
NEAS TWN TxA 
SS4NMIPHE TRG 
VES TA 
CuUs*le- 
Cao) 
NIAS tviv 21K 2 
SS wv opety ONS 
Coe l= 
(N"I5 ° J 
OOS *] 
NISS lv Ux 
SSINVH LEME OMI 
Woyt le 
04° 
dus oT 
VJ »S VEN ILX GS 
SS INZOTHI °NG 
(fig ° T= 
Cos" t 
OOS °T 
NTS Wh Vix 4 
SS ivez3 etl °NI 
ua’ I - 
COGSF ] 
JOS ° J 
NIMS TWh Jix 3 
SS4NaADITHI “NI 
GOS °I- 
CUS PET 
OOS? T 
NI»S WYN IJLX4 
SS3NYDIHI °NI 


(eet eA) 
7 4 


Craw 4925 en ee 
eu) 6 


JIU lm 


-~ 

wie Wd 
eo «23 eo @ 
i] tT )— 


D0W 
Dipa— 
i 


MU wus 
6 
1 < t 


20'S 

Os a at 

ww ot 
' 


t < t 


Wary 


ty @ ee ej ef @ O85 


eet met et mee a et a ee = EO Se I ee 


PS Ter 
74 
: 
wr | 


uty 


eo) itp Spite tee Vp. 


> hep he [a La he) 
Y her Or ee) eT 
o7) © ee 6 @y ¢ @ @ 
ot 
Le Gel | t <x { 


TY tee ee ae er a er a a] 


DL‘ om 


Sew 
e6°¢ 


ad ee aN) CaS ~@) =>Kepl’s! 
f2°9 Jat OT’ oe 
whew 
eer @ 
Lit <4 


Wi wit) 


On) © © © OL) 6 6 
Thin] 


OW OAOw 
ma 
J 

- 


VJ 


NVOS 


O%G° TH 
NGS TH 
ATO. & l- 


eye 


7G °1A- 
VW 4" TA 
520 ef ty 


Jy ae aa 
eens IY 
NG = | = 
Dang os 
IG * Te 
BAY FL INA 
ea 
O75 |= 
OeGr| 
yIaeyeq 
JVI Ayers 
20% ANY 
CIWS °I- 
(1G 1] 
Wy & Po 


9VIVF PIIAN 


9 Cd wOTVY 
Dio I- 
et Se 20) | 
JOG* le 

JAVIT VAP TNA 
o2R2 WDTY 
NOG °T= 
DOS ° UT 
ICS *1- 
ITVAVY TIAA 
92n7z WOTY 


ST JAtN HOLIVE NOISYAANTD 


NOTI9TYIS WW WITIEINIID LIIMNVE 


TNA 


TNA 


TNA 


TA 


TIA 


WA 


TOA 


TAA 


VA 


THA 


IMA 


G-t} eInsTt yy 


bess: | | 
a ga a 
ee 
gnc %] 
4785 
11 ekki 
NOG? ]- 
CIVITNT- 
(HG ° ] 
” Cc 
am | ery) 
CI6°%T- 
ONG pe 
GES >) 


4) a5 aa | 


G Abt) 
CeGgtye 
CMG°2 
COG 

3 6 

Al eo | 2 
COG T= 
COGN 
ONG 

4% 

$ ¢ttD 


tT ky 
yew 


1G) Be 





ivan | 


rO VES 
Ba sm V4 


e1eq SuUTYTUTYT pue sTespom 4SseTq pue sand 


(penutquod) G-f edn3sTy 


‘peayudem (q) 


(1aagt UOs*! JUET Ste Cael & 01 01S9°T Ov? SI- myer SSA = ANC re ey Lee Ne iN 
(a1 ugad 016° 4 ooOe STH ved Jh OFS°T Rue ste (Corel fe woe VE ee ee a a i iat aey 
(isa) OD C)1°Si- O0G°*) OJ n°C CO G1s°] AIF ea A a ee eet 
(i494 9°O VTU0°S T= O'S’! Ol 0°0O Qara’ G ye OOGe | wee I a ee ie ee 
(49441 0°0 O6¥°C 095° OJ (eee Oia Clese st oie i cares ae eas) 
(£334) 0O°O OuS°e O1S°T vid ag. CUS < es ees | AU ce RS ie a ete 
1334 oO°as SARI OSS S OUS2 IPSN) BON a SPO ee ae a ee ie a 
Lbjgd (Ou SM ONE AG a eS ee ee 
£33) Of 2 Oy Fae 30 PPS Ue ae ae ae 
lad3 aed 2 CED ee Pe te SO eta ee ee 
13434 O° C8) LSDWV 1 46 Po IS a ee ee ae, 
j3i34 O° ve (97) (4 }eV1 ated GV Fat PAM PT eye ta a pe 4 
SWELL NNY FSV aa easy sre 
0°0O 00S°2 913° Cab ON ea a ee 
0° 0 CS°2 GS" 1 C)oue © VET MEDIA 0% Pape = Steve it 
ney VU PAP es We ee 
OS°F! od A ele el 
OSs 2) 2 Dae ees ete be 
Oral HUN EVAD 4° V 9955 SP Tclve 
Wn ESV Th 
QVAHYNM Shy 49 OVE ONT J334 - G°se3 Slee Sel ae) 
IVIANVM FR 40 fuoea NI t33). GS 77 Ss Sikes 
$343 Uts®l SUISS Uh FV Serv 
14149 reli Matis) ig Eee 
§a3NO4G 0°C STIEY SNE V4 BU MPL VTA Ns RPI ES 
Se eS VAN ORL Se 
"VFS C= 0 The Eb avg 
g344 52°k POV Vety VE FAATEVIAYD NUPLESD e@ 374 
C 4d43 37nd 
VIN 47 4 
Guved 9405S ure 0°60 92 On GO} O° C BTS PING C° ony eG] 
Wialita AJINIJD UTAH A SinjhoveYs (ISNIVHO)SSVW tSda IC JELTIVISA (WC) <aeoT 
BNAW IY Ad wd JIDVISEG 4 WIR ANIN Lfhanuvad JhaAnUVed VELEN! ¥V 194 


VIVO NITAVENINOVYY GVIHUVS 


102 


1 
Puls 
_ 





a ae asp® MaPciie 





7 @6.6 - 020 ey See a4 
Diets estary naaitc Hvteres' ee ee 
ee ; 
7. . Hens.) Ttte 7A B16 @ a, ie se i = 
7 sre 
~@ 

7 et . ‘ 7 a . sa ' 

=) a es 7 2 © 
- 5 yt ty. re a@ 5 P j . 

ul 
~ ° 
i) d é é Sf p * 
: 7 , a ay +h i Sa H t ~ _ 
a s 
_ J 
- 
—— , 
7 < 
} ‘ 
' é ; 4 
| 
q ( | 
a 


(PENUTIUOCD) Gxt aInSTy 


egeq aseg (2) 


(tert Cty Se shay 
een Coy MIA TA ice 
it a3 0° 0 J 0 0OC°S 2 9D 2399080) (2° USM WOTLTIS Dd WLI STISSI: AY Vo Ue pn tei 
{ Oe cree git eA (< ] 
ee yey wth PtP Et Y 
13334 ven eae. C3 CO ee Oy Se 8 ea ee 
j ea Ui Oo ES ie ee ae 
S 4d 1g a! J aS ARX oe Oh aor i ety hy oA f ems |S 
Sj sdO9T Ge 4° UG elke aS Soe ee 
S3j3iiiv goat) PION SPU eAa ls 37 °° 24 a ee 
Silawie b= TO PS a a Oe is eee 
Sadtoad Gee VY EON AO A ee 
S74HO GU ok PII Hats IAI SS ye ee: 
DIS/i 434 CPS ve JVISSTA Jed 4f ALT YHA 
Ss 5¢00 to ed, AWAIT MA Fal ¥Y) 
Ss dd] noc ST Lea On Pee ae 
$3999 Onn V1 ie ee 
I4S/} 354 00° IIL LAV E Ttb 4 ALD OSTIA 
T TIWYS NE SUTISSTR 40 YAR 
Viva acv9 


19) 5 





FEET 


$.0C 


Cf 


Kitt 


PHIJKAF LTT ETY 
mere rat 


ut 


C2 ae 


AQFA AEM 
FROM COMP, 41s? 


TOT AI 


tht TS 


ALUMUFR OF 
FRAG. 


COMP Crete 
VULNERALITTEY 


wsl 
4Yriher. | 


anit 


ci 


ey 
-r 
(coed een le a po Cc eo eee 


es @¢e e*eoe*# 8® # #© @ 
~_ 


wa Dower TL 


AMAR AVIN AW AW 


rrr rer rere 
MISTS OEN PeG@ledile ase 


oe Stee -— Pe 


PIRSA RURUR RA FAIRIGEAY 


2heies) PL ek ee eh pl ep Soe 
SIS IS HAI Ie 
ee eee ee ee 
andaarxstaqadcauad 


So 
NAS SoM OCT 


A4 SLA, SG SY BYERS BUSES 
Pere Fake oP Rae Pee ie 
15 2 ores ete cH Sey 


SSP 3) SICA sree, Ag) 


ay Art A Ieee ee 


— —- 


jf 


04 


Component Summary 


(d) 


(Continued) 


Figure 4-5 





r mn Hii Het Nt tae Laie 


i 
o>) ee « O48 & $ dn, I AS Aan el bet iota 
| ie “st 5h Ba i a ive 7 4. Mie 





> 
‘ 
¥ 

> 
~ 








Tu » SS ee rm rf nd ites _ “ae 464 p ones 


ae 


a 






Areuunsg Sy ipeton@ 


0 
1 


Q 
OJATA NS W4lS AS TWWAWIINI NKvIw JH 30 NUTAVIAS 
Sam fd 40 ON VINIGT ANOD §INIGUsd Ob WUAds QHVUNVIS GUVONVI 
| = 3271S JidWvS HLT SATLT I avdOdd 


(2) 


(poenuTt4uog ) 


oor I 

ae 

070"! 

8 a 
G WATAEAS 49 
s "UiiNd JOVYAAF 


TWATAUAS 


G-h edinsTY 
owe] Jr mye 
Ot Pas) 
Vy | Liv 
2G ug 
ATAMS 40 Cae) 
ALI UdAvynred a-=1Sas 


OS 





@iubee 
ty 
ee 
- | 
; 7 
he : ‘a 
e Ve omy oY po 
oat 7 ba D 
a — | ¥ 
mt es oh a 
» 0d 
~ ‘ @ 
ee fa P 
as 6 


' 
AA 
eG 


1! 


{ttf = A) 


iN 


RACTI AKE EF xXPRESSED 


CENTROTO CCCRLINATES ANN COMPORENT 


[NX Tro TARGET SYSTES 


VULNEXALLE CCHPLCALATS 


RADILS 


Y2 


X2 


RADTUS NWMBER 


Z2 


NuMBER 


QWeCuwy 
ee a oe oe 2 
oeeess 


—= = oe eet oe 


aoooo 


oocce 


Qe SVS ee) 
VP Fw 
o# #@ @ ee 
ed eh ed ged ed ee 


TIO 
oeeerse 
CSG ee 


QOvuqgo las 


oe @ e¢ ¢ @ 
we ed Gad Seed Bat ed 


Dee eoe Ss 
HO) ae eS 
* ee @es8 ie 
WPT ess Pl 
-_ ii— 


A Om PS ee 


ts 


TKR 4&4 COPE URAPICH§ 


~- MAA NG CF COPPIUCNENTS 


Sal 


SPECIE TED 


COMPOUNENT COMM INAT TONS 


MULTIPLY VLULAERZBIE 


ih 


MUMBE€ 1 


=NMTOO™ OP Cm 


ae Sy 
CMON 


Chie 2S pf Re ee Wh oe SO ee ee 
Ly St Perera re Py eens oe 
Ve PR CR ORAL OY CSE IET SEA 


~~ 1 — a =, ea 
-_——_— = ee i ee ee 


FPP 2ALPAI PV PAI 
be mie UL hulu 
Sees ase Sas= 
aaaaaaaacaiti 


222225 25522 


Nee aad wtin Sate cab ' eed Meee teed salt ted babel? 
esas) eS Se) aes 
Aqdqdqa"qt ~1taed 
&*Aeea2hew@ataaZVw az 


PIA AAAI VIII VF 


MANGE. OM OC Tm 


— —s 
e*eee#ess e s ee ¢ s 
lee I) oy A STS: 
Pel A EA Pe, OR ee 


ee ee ee ee 


106 


Component Model 


(a) 


dan Example of Results 


Poon an 


POUDS 1 C1 Conpari 


in 


4-6 ATTACK Computer Pr 


Figure 





ad Get 69 FI1GS4 [9%4y 6)06-0l0a 





»- 2 Aivin ms? apy Bo 11 BAP 


= 
wy" e) Al i 
a 4 ) 

; ‘ 7 
, A 1 \> > 

- é ¢ 

: ‘ 

4 ! . \ 

‘ i] i) 7 

ij ’ 

' 

ef 


4th 0 


tw) 


Sab a 


HW} 


"ay 


ee ao 


Nw 


inv 


VOSOERTS 


ALI IJGIIA 


AnVINAUB 7 


SAHOTOM 


Tepow peousrep 


JOT EEN? if 1 
SLNIAWODVdS "ON ANUZ "ON JNOZ 
JU ° ON WroVy UV Itid 


$3NO7 WIJVY T ®S3NOZ HVVd 1 


(DSNUTIUOD) O-tf sINDTy 


(4) 


090092°1 €157)99°) on: st 1 
saree BS el) VIN? pyerspa™ ee Seer 
NV dU JIVNASTIIWY ANID pNVNar vagy 
UFOSE 2G20 ay SVIAY Why aAYyy 
O°sl i Osl JHVY SAVINV MWe MV We 
re 8) 8 eae JU7 Sad dv AN '7 He Wie 


*S3SSV139 INJADCHY TO S¥4 VICUW GYIHNYM 


ILC) 


i 
_—- 


a) a 
ie apa. Tt. 268 P2081). 6] O04 tRBP le — P44 = 4eide* &- 4h te “aa i 





(penuTqu0g) O-f sIndtTy 


Aqeuuing aseg (0d) 


MLOO"T 9000°1 ooo0" TI vat 4 COO | Md 
SS INIATE 72 949 $F TLEAS TITY Als 


2 | ea 1 dai  }| TP’ tw vy § 
el ae) “0 =f) i Vy THs 
mat zo | 0 Oe (9; é eat 
20 70 "0 aE a fie ge 6 

AVIUVIO SWS TEV 4 Sow 
aut me vm @) ° 7 me WAV DVIS 
me od ao gle °O | 838 
(0) *f Gy 4 *") CVV IRE IN 
°U sa) wie med et GJidvdditd 

SEINSAD NOTAdwWIArG JE EDA 
el fs aa 70 zat ot OY27V4 PVN 
mi mal °1 oat =| J IdAVS 
O° O ie 2) ss ss eed! Gy nen Vas 
eee | pared | "Oxl ae | "NET 1Sd 
x "0 se on “0 vay 
“rat ° Owl "Col Saal “NHI iv 
mat 28) eu aa. c VW 
"ODIO VT "o005T bl Oa | = 99901 Boo Liv} 
SO 91 {Orel not See 2| AA TWA 
"ontd “Ourd TO ue pte’ TOOT? WA 
stig OE ee ay: Td 1A 
0°C 0°O0 OF UG (:° 0 MVR dA TV 
0°O 9-0 Ae) 20) n° 9 VAd TV 
°G ae 5 es =| TON <IS9 9 

Po bPIAVE = SHISUIA Vo 3Ttsstw 


ryVIS SA WIVELV 


108 





(PenUtTIUOD ) O=f clic a 


Atewung jyusuoduog (8a) 


orn 0°O i 37 
0°) org | Of 449) 
CO C70 5 dn) 
es a4) 3 dk )) 
7-06. Orb f iW 
ae aae | Gr ? dv} 
ono" | Ol S di. 
arn n°oO b 4n 1) 
o°o 0°0 A div 
o*0 “O°0 ? 4h) 
0°O 86=©0°0 t 399 
lrerettars RED MOF das Si usSIw 1 Had SITH 03199dx3 NCTAVIISTENIDI SNAND4NOD 
Tt 3SV) 
bN4AN DVI RO YD : ; , d v 3 ; N 4 A A ; ? H Y : i 4 4 Tvyny 


109 


MeCUtrd ph re aeeté ees 


= 1s ' 


42 





snbTuyosy, 4OTg Tenuey Jo eTdwuexy| oA mts rolatis! 12.0) 


Cl 
NOTLOW FO NOLLOWYIG GVGHYVM UNV LADUVI 


—— 
\— aNoo ivuas 
Z 
dWOO 













—— INAWDVH aT | 
¢ 9 6 OT 1 
do dwoo} dWOo dwoo} dwoo 


ae (,2°6 "Ld OT 
g) 

ad HIDNY AVUdS 

(,9°6S) \——, INGWOVHd OINVNAG Yvert 


WIONV AVUdS i 
INGWDVY OIWYNAG auveog  \— 


CIOWINGD AVHHUVM & 


te IU) 








- TRG DIMA GALA jf | | | 
an "tae TORE 4 . 
om f ff 7 ey AS > > mat | a : , 
ae ae oy. 08) 
~~ f- = —_— [és 
L . 
7? 
= ; = re —j) i ance ne | “ 
* ti ef Awe \ ane) wae “atl 74 | ' 
a os , : 





=a. aul 


"a8 oa Yan 4 i 


“i 


—s —_ ae - — — 


on each component. This number is the sum of the primary 
fragments (warhead originated) and the secondary fragments 
(component debris produced by a fragment impacting a 
component surface) that strike and penetrate a component. 
Fewer than 5% of the total impacting fragments struck the 
"extra" component in most cases. For example, in the 
Meteor encounter with amiss distance 5 feet above the 
target, component six was struck by 13 out of a total of 534 
primary and secondary fragment hits (2.4%). The number 
@meoecondary fragments produced is dependent on the mass 
and velocity of the impacting primary fragment. 

An exception to the above observation was the head 
on encounter with the warhead detonating 5 feet below the 
target (Table IV-6), when component six was struck by 38 
mel fragments (34.2%) that hit the target. The manual 
plot technique predicted a very small portion of component 
Six inside the fragment spray cone. The disproportionate 
momber of fragment hits on component six is probably due 


tO a relatively large number of secondary fragments. 


il: 

Tne number of fragment hits on the target reported 
fOr a given detonation distance was found to be dependent 
on the placement of the warhead relative to target at 
detonation (i.e. above, below, beside). For a symmetric 
Shoe box model and for the classical head on and tail 
Semeoe Encounter feometries, this dependence should not exist. 
The cause of the difference is unknown at present, but the 
SCAN program developer has been informed of the problem. 
The placement dependence was found to affect the prediction 
accuracy of which components were struck by fragments. The 
Dembers Cited in this section for fragment hits for specific 
encounters should not be considered as precise quanitative 
data but is presented only to establish the relative degree 
Pcie reremee tom the ATTACK and SCAN contradictory encounters. 


alee 





Bee eC 2ce Mab Was Checked bya manual plot supported 
mie results of the two programs with respect to which 
components were hit by fragments. In the SCAN/ATTACK 
SemeraalCGyvory cases, the extra component was always found 
owoe On the fringe of the fragment spray cone. 

“mom Chis analysis, it appears that the results of both 
programs are valid for the model and trajectories used for 
Semearison. No significant discrepancy except as has been 
foeeo could be found in the results of eith program, and 
Meete WAS an excellent correlation among the ATTACK and 


SCAN results and the manual plots. 


a2 





VY. CONCLUSIONS 


Peo TP RENGTHS , WEAKNESSES AND RECOMMENDATIONS 

The difference in the program objectives cited in 
Chapter II is the key to understanding the merit of each 
program. Each program has areas of strength in keeping with 
the emphasis of the objective. 

SCAN possesses an excellent potential for target 
geometric modeling. This coupled with a flexible, easy to 
understand method for system definition provides a versatile 
tOval target representation. The SCAN program is 
recommended for any study pertaining to svecific target 
component or system vulnerabilities. 

The SCAN program does not have the capability for extensive 
Pmmemmodeling. This would preclude use of this program 
Meeemouch purposes as ordnance package design or fuze 
Seeamization. 

SCAN has a very good terminal encounter simulation model. 
This feature is useful for any application. 

ATTACK has an excellent fuze model. With the eleven 
jogies inherent to the program and options such as time 
Seehaye Or Gistance delay, a realistic and complex fuzing 
sequence is possible. The ATTACK model is recommended for 


warhead/fuze analyses. 


JS 


Seeley Ome black weakness is the poor quality of 
mu@eoperting documentation. This Penna be recom vede To 4 
degree acceptable to a new user by a careful and 
meemougn rewrite of the User Manual. 

ATTACK's target geometric representations are fairly 
Grude relative to SCAN's. This may or may not be a 
Pea lcait disadvantage. From the view point of a consumer 
interested in warhead performance, the target is probably 
Meeeot OVEr—riding concern. On the other hand, an aircraft 
designer would require SCAN's capacity for detail. 

Table V-1 provides a listing of Endgame program 
applications and a recommendation for SCAN or ATTACK. The 
meereecattons are taken from the program purposes stated 
in each program's documentation. Table V-2 is a summary 
Seeecehne findings of this report. ‘The areas listed are the 
Sijteo a1nvestigated in Chapters Iil and IV. 

SCAN is clearly the more useable program, but is also 
the most expensive to execute. The program's limited fuze 
Meerons Can OC @ Significant liability however. A useful 
Pieo,nect would be to incorporate ATTACK type fuze models 
mame tie SCAN program. This combination would give the 
user the "best of both worlds." The SCAN program should 
Peon oe CxXamined to see if the execution time could be 


reduced. 
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ABLE Y= 1 


PROGRAM APPLICATIONS AND RECOMMENDATIONS 


APPLICATION RECOMMENDED PROGRAM 
rueeerart Design SCAN 

PeeeeGratty Survivability Studies SCAN 

Supporting Data for Implementation SCAN 
Semcourvivability feature 

Weapon System Evaluation ATTACK 

Warhead Design ATTACK 

Hoge Optimization UALS O26 

Trade-Off Studies Pile = 


depends on whether warhead or target is being studied 
peer respect to trade-offs. 


sk Bs 





TABLE V - 2 


SUBJECT AREA SUMMARY 


piemect Area Superior rogram 
Peemnent ation SCAN 

Geometric Modeling SCAN 

P./Vulnerab le Area Modeling SCAN 

Missile, Warhead, Fuze Modeling ATTACK 

Scenario Simulation SCAN 

Smepue Interpretation SCAN 

Validity EQUAL* 


*Neither program demonstrated a clear superiority for the 


models and scenarios studied. 
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B. MISCELLANEOUS 

A new Endgame program, Reference Model (REFMOD), has 
recently been developed under the supervision of the Naval 
Weapons Center, China Lake. This program was evidently 
Gesigned with the intention of replacing ATTACK. Because 
Siero, the availability of ATTACK models is limited and 
therefore studies with ATTACK using "canned" models are 
feiewewib. A COmparison Similar to the one made here should 
Mmeemece USing REFMOD vs. SCAN. One was conducted at the 
[eemene Patterson Air Force Base. That study compared 
SCAN to SESTEM (an in-house Endgame program at Wright 
Patterson). A conclusion from that study was that the 
eurrent linear Py /H equations used by SCAN should be 
replaced by a non-linear representation. The following 
equation was recommended for implementation: 


E ay l C 
eee a COMM 2s (VR=V,) ~3)) 


K 
where Co ---maximum value P, 
Cs ---scaling factor 
C5 ---variation in slope factor 
C3 ---deviation from linearity factor 
ite Gaiememau volocity Value for a 0 


A disadvantage of this non-linear form is a more extensive 
emlemmore complex input data requirement. 

These new and modified programs are mentioned here to 
snow that there is no one absolutely correct or best Endgame 
meeeetan. The survivability and warnead communities are con- 
stantly seeking to provide more realistic and comprehensive 
Seomputer models. 


IIL 





BE BELOGRAPHY 


Peee=GO—Air Subgroup, Air Target End Game Methodology 
Pane Perubprmearzion, ATTACK compuver Program, Volume 
i User Manual, June 1974. 

Air-to-Air Subgroup, Air Target End Game Methodology Panel 
muoiteation, AILTACK Computer Program, Volume Il. 
Analysis Manual, June 1974. 

ewe. , Krumbnolz, K. O., and Nosco, R., Aircraft 
Wembac SUrVivabidity Analysis and Design: The 
Moadamentals of, (Draft), Sept. 1979. 


Semmiricd, B&B. S., Programming with FORTRAN IV, Quantus, 19/72. 





Naval Weapons Center Technical Note 4565-1-70, Air-to-Air 


fierminal Hncounver Simulation Computer Program I, 
Pemumes ELE. Muze Addendum, by J. &E. Museh and John 


me olrone, May 19/3. 

mt eons Evaluation Department, Pacific Missile Test Center 
Mitreaewon. ocean, A Computer Program for Survivability 
Mealysis, Volume ©, User Manual, July 1976. 

Weapons Evaluation Department, Pacific Missile Test Center 
Paplmcas lem ssoeuNn. A Computer Program for Survivability 


Mic obow Volume LL. Analyst Manual, July 1976. 


es 





ioe Othe heme CES 
1. Air-to-Air Subgroup, Air Target End Game Methodology 
PeMecimrUbatecarion, ALLACK Computer Program, Volume 1, 


User Manual, June 1974. 


@. Weapons Evaluation Department, Pacific Missile Test 
Coiecor wp beacmom,, SCAN, A Comouter Program for 


pie eqowameyeemoalysis, Volume 1, User Manual, 
Sly eloroe 


119 





Tee wisotht SUTLON List 


Defense Technical Information Center 


Cameron Station 
Alexandria, Virginia 22314 


Library Code 0142 
Naval Postgraduate School 
Monterey, California 93940 


Department Chairman, Code 31 


Department of Aeronautical Engineering 


Naval Postgraduate School 
Monterey, California 93940 


mea@ressor RR. E. Ball, Code 31 


Department of Aeronautical Engineering 


Naval Postgraduate School 
Monterey, California 93940 


LT James Karl Parr, USN 
RR1 Box 206 
Leavenworth ,Indiana 47137 


tee FP. Coffield 
AD/DLYD 
fein AFB, Florida 32542 


Mr. K. Grant, Code 318 
Naval Weapons Center 
Perna Lake, California 93555 


tee Bruce Nofrey, Code 1332 
Pacific Missile Test Center 
Betmt Mugu, California 93042 


120 


Ne: 


Gia COptes 




















iii 





